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In accordance with 37 C.F.R. § 1.121, a marked up copy of the presently amended specification 
paragraphs and claims is upended hereto. Additions are noted by underlining. Deletions are noted by 
bracketing. Furthermore, to ensure that Applicants' pending claims match those of the Patent Office, a 
clean copy of the entire set of pending claims is also appended hereto. No new matter has been added as 
a result of these amendments. 

Claims 1-36 are pending in this application. Claim 34 has been amended. All of the remaining 
pending claims stand rejected. 

All of the above changes are cosmetic and none raise any issue of patentability. Both before and 
after the above changes, the invention was described in foil, clear, concise, and exact terms and met all 
conditions for patentability under 35 USC 101 et seq. The scope of the claims of any resulting patent 
(and any and all limitations in any of said claims) shall not under any circumstances be limited to their 
literal terms, but are intended to embrace all equivalents. Accordingly, under no circumstances 
whatsoever may these claims be interpreted as: 

1. having been altered in any way for any reason related to patentability; 

2. having been narrowed; 

3. a concession that the in vent/ on as patented does not reach as far as the original, 
unamended claim; 

4. a surrender of any subject matter as a condition of receiving a patent; and/or, 

5. estopping apph'cnnts from asserting infringement against every equivalent, 
whether now known or later developed, foreseen or unforeseen; 

Applicants also emphasize that the decision to address the Examiner's suggestions via claim amendment 
with the understandings set forth above is not in any way intended to avoid the "gatekeeping" role of the 
PTO with regard to the examination and issuance of valid patents for patentable inventions. 

IL THE RESTRICTION/ELECTION REQUIREMENT 

The lixaminer states that claim 7 is drawn to a non-elected invention and must be cancelled. 

The Applicants ask the Examiner to cancel claim 7 without prejudice. Applicants reserve the 
right to pursue the subject matter of non-elected claims in this or any appropriate patent application. 

The Examiner objects to claims 1-6, 8-29, and 31-36 as containing non-elected subject matter. 
The Examiner goes on to say: 
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The claimed compounds, compositions, and methods that employ them 
present a variable core. Formula 1(b) contains compounds drawn to the 
non-elected inventions with X other than carbon. Formula 1(a) is drawn to 
non-elected inventions. Office Action p. 2. 

In regard to linking claims, the Examiner states that no linking claims have been allowed and the 
linking claims contain subject matter that was not searched The Examiner urges the Applicants to 
amend the claims, so that it need not be done after allowance. 

Applicants note that no claims have been allowed and will amend the claims as appropriate when 
they are allowed. 

m. THE 35 U.S.C. § 112, SECOND PARAGRAPH REJECTIONS 

A. Claims 1-6, 8- J 7, 19, 26, 30, and 34-36 remain rejected as indefinite. 

The Examiner argues that the term "optionally substituted alicyclic where the cyclic moiety 

contains a carbonate or thiocarbonate" is indefinite. The Examiner says: 

While the applicant may be his or her own lexicographer, a term in a claim 
may not be given a meaning repugnant to the usual meaning of that term. 
The term "alicyclic" in claim 1 is used by the claim to mean "alicyclic or 
saturated heterocyclic," while the accepted meaning is "any aliphatic 
compound that contains a ring of carbon atoms". The Condensed 
Chemical Dictionary defines the term as . . carbon atoms in closed ring 
structures". An alicyclic ring may contain multiple bonds but may not be 
aromatic and may not contain any heteroatoms. (internal citations 
omitted)(Office Action pp. 4) 

The Examiner suggest removing the reference to non-carbon atoms. 

The specification defines the term "alicyclic" as: 

The term ''alicyclic" means compounds which combine the properties of 
aliphatic and cyclic compounds. Such cyclic compounds include but are 
not limited to, aromatic, cycloalkyl and bridged cycloalkyl compounds. 
The cyclic compound includes heterocycles. Cyclohexenylethyl and 
cyclohexylethyl are suitable alicyclic groups. Such groups may be 
optionally substituted, p. 5 ' 

The Examiner cites In re Hill from MPEP § 2173.05(a), but neglects to include the rest of the section 
from the MPEP, which reads: 

However, it has been stated that consistent with the well-established 
axiom in patent law that a patentee is free to be his or her own 
lexicographer, a patentee may use terms in a manner contrary to or 
inconsistent with one or more of their ordinary meanings. Hormone 
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Research Foundation, Inc. v. Genentech Inc., 904 F.2d 1558, 15 USPQ2d 
1039 (Fed. Cir. 1990). 

Numerous Federal Circuit decisions support the concept of the Applicants being their own 
lexicographers. See e.g. Jack Guttman Inc. v. Kopykake Enter. Inc., 64 U.S.P.Q.2d 1302, 1307 (Fed. Cir. 
2002)(saying where, as here, the patentee has clearly defined a claim term, that definition 44 [u]sually is 
dispositive; it is the single best guide to the meaning of a disputed term/Xquoting Vitrionics Corp. v. 
Concepironic, Inc., 39 U.S.P.Q.2d 1573,1577 (Fed. Cir. 1996)); Trintec Indus, v. Top-U.S.A Corp., 63 
U.S.P.Q.2d 1597, 1599 (Fed. Cir. 2002)(citrng Marhnan and saying the inventor may act as his own 
lexicographer and use the specification to supply implicitly or explicitly new meanings for terms); CCS 
Fitness Inc. v. Brunswick Corp., 62 U.S.P.Q.2d 1658, 1662 (Fed. Cir. 2002)(stating thai the claim term 
will not receive its ordinary meaning if the patentee acted as his own lexicographer and clearly set forth 
a definition of the disputed claim term); Rexnord Corp. v. Laitram Corp., 60 U.S.P.Q.2d 1851, 1854 
(Fed. Cir. 2001 )(stating that patent law permits the patentee to choose to be his or her own lexicographer 
by clearly setting forth an explicit definition for a claim term that could differ in scope from thai which 
would be afforded by its ordinary meaning); Hockerson-Halberstadt Inc. v. Avia Group Int'l Inc., 55 
U.S i\Q.2d 1487, 1490 (Fed. Cir. 2000)(quoting tc ii is always necessary to review the specification to 
determine whether the inventor has used any terms in a manner inconsistent with their ordinary 
meaning[because the specification] acts as a dictionary when it expressly defines terms" {Southwall 
Techs., Inc. v. Cardinal IG Co.. 34 U.S.P.Q.2d 1673, 1676 (Fed. Cir. 1995)); Renishaw pic v. Marposs 
Societa 'perAzioni, 48 U.S.P.Q. 1 1 17, 1 121 (Fed- Cir. 1998)(stating that when an applicant elects to be 
his own lexicographer by providing an explicit definition, the definition selected by the patentee 
controls). 

The Federal Circuit even reiterated this position in its seminal case on claim construction, 
Marhnan v. Westview Instruments. In that case, the Federal Circuit said: "As we have often stated, a 
patentee is free to be his own lexicographer. The caveat is that any special definition given to a word 
must be clearly defined in the specification," Marhnan v. Westview Instruments, 52 F.3d 967, 980; 34 
U.S.P.Q.2d 1 321, 1330 (Fed. Cir. 1995)(e« banc)(mtemal citations omitted). The Applicants have 
clearly defined the term "alicyclic" in the specification. Since the Applicants have elected to be their 
own lexicographers, their definition controls. 

As slated in MPEP § 2173, the primary purpose of the requirement for definiteness **is to ensure 
that the scope of the claims is clear so that the public is informed of the boundaries of what constitutes 
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infiingemeut of the patent." The Applicants have clearly informed the public of the boundaries of their 
claims by defining the term "alicyclic" in the specification. 

In addition, the term "alicyclic" has been used in various scientific publications to refer to ring 
structures that contain heteroatoms. In particular, the term "alicyclic amine" is used frequently. The 
Applicants have enclosed an article from J. Org. Chern* showing a secondary alicyclic amine, which is a 
ring containing a nitrogen. 

The Applicants respectfully submit that Claims 1-6, 8-17, 19, 26, 30, and 34-36 are definite and 
request withdrawal of the rejection. 

B. Claims 1-6 and 8-36 remain rejected as indefinite, because the Examiner contends that 
the phrase "prodrug" is indefinite. 

The Examiner states that: 

Applicants' prodrugs" are molecules whose structure lie outside the 
subject matter of claim 1 , but upon metabolism in the body are converted 
to active compounds falling within the structural scope of claim 1. The 
claim describes the fiinction intended but provides no specific structural 
guidance to what constitutes a "prodrug". Structural formulas, names, or 
both can accurately describe organic compounds, which are the subject 
matter of claim 1 . Attempting to define means by function is not proper 
when the means can be clearly expressed in terms that are more precise. 
(Office Action p. 5) 

The Examiner goes on to say: 

Applicants correctly point out that their prodrugs are within the scope of 
claim L The Examiner better expresses the concept by noting that their 
prodrugs are not within the scope of the structural formula given in claim 
1. (Office Action p. 5) 

The Examiner then explains why he finds the Applicants previous arguments pointing to the 

'^prodrug" definition in the specification unpersuasive: 

Firstly, the passage provides limited structural guidance and defines the 
phrase in terms of itself. We know what the concept of prodrug entails. 
What we do not know is what specific compounds Applicants claim. 
Secondly, the passage uses open language 'includes but is not limited to". 
"The groups illustrated are exemplary, not exhaustive". Thirdly, prodrugs 
of hydroxyl, thiol, and amine containing drugs include c acyl" esters. 
Presumably, amine ester means amides since carbonate derivatives of 
amines are covered by "alkoxycarbonyl". The enablement question for 
amides is considered separately below. The accepted meaning of "acyl" is 
"any acid substituent with the OH group removed". Does this include the 

10 

S AN/65122. 2 

Received from < 858 7202555 > at 5/27103 6:25:24 PM [Eastern Daylight Time] 



27/05 2003 15:25 FAX 858 720 2555 



PAUL HASTINGS 



a 015 



Serial No. 09/801,933 p atent 

45198.00042.RCE 

acids of boron and nitrogen? What specific stem, i.e. if acyl is RC(O), 
what is R? Is it limited to alkanoic acids? Are aromatic, heteroaromatic, 
alkyl radicals substituted by anything permitted? Are there any 
limitations? (Office Action p. 6) 

The Examiner goes on to explain why he finds the Applicants previous arguments regarding 
Examples 17 and 18 unpersuasive: 

Example 17 is drawn to the synthesis of compounds of formula (I) where 
both R l Y -= NHCHR 13 COaR 14 . The Examiner is interpreting "amino acid 
ester" in line 3 and line 6, page 131 to mean an alkyl ester of a naturally 
occurring a- amino acid. Example 18 is drawn to compounds of formula 
(I) where only one of R l Y = NHCHR^COzR 14 . The Examiner has no 
opinion whether these compounds are, in fact, prodrugs. However, both 
compounds fall within the scope of formula (I) and fail to clarify which 
compounds lying outside of the scope of formula (I) are intended. 
Secondly, assertion is not evidence. In the discussion of the enablement of 
prodrug. The Examiner cites references showing lack of recognition in the 
art of medicinalchemistry of what structurally constitutes a prodrug. The 
Examiner suggest using the language from the passage spanning line 11, 
page 1 1 to line 26, page 1 5 S to indicate which prodrugs they intend, 
(Office Action pp. 6-7). 

The Applicants respectfully note that there is nothing wrong with the use of "open language" 
such as "include but are not limited to" in the specification. The key is whether fi *the claim apprises one 
of ordinary .skill in the art of its scope." MP.E.P. § 2173.02. The Applicants assert that a person of 
ordinary skill in the art can determine what is or what is not a prodrug of the present invention. As Dr. 
Erion explains in his Declaration, "a person of ordinary skill in the art can readily determine what is or 
what is not a prodrug of the current invention. The tests for making such determinations are routine and 
well-known in the art." (Erion Decl. 4). 

The Applicants note that the term "acyl" is defined in the specification at p. 6 as referring to 
^C(0)R where R is alkyl or aryl. The term "aryl" is defined in the specification at p. 5, while the term 
"alkyl" is defined al p. 7. In addition, the term "acyl" is derived from an organic acid not "any acid." 
(see e.g. Hackh's Chemical Dictionary) In view of the specification, a person of ordinary skill in the art 
would understand what is meant by the term "acyl" 

Additionally, the Examiner says he is "interpreting "amino acid ester" in line 3 and line 6, page 

13 1 to mean an alkyl ester of a naturally occurring of-amiuo acid." (Office Action p. 6) The Applicants 

respectfully disagree with the Examiner's interpretation, as an amino acid ester can be an ester of any 

amino acid, not just naturally occurring Of-amin acids, 
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The Applicants respectfully assert that the specification describes the preparation of prodrugs of 

this invention. (See pp. 96-108). Furthermore, prodrug technology is well understood in the art. Dr. 

Erion explains this further in his declaration saying: 

The tests for whether a compound is or is not a prodrug are routine, do not 
require undue experimentation, and were well-known in the ait as of 
March 2000. Typically prodrugs are evaluated by first establishing assays 
that monitor production of the biologically active drug. This is typically 
accomplished using HPLC or HPLC coupled with mass spectroscopy. All 
techniques are routine for pharmaceutical companies and do not comprise 
undue experimentation. (Erion Decl. 1 5). 

As ] )r. Erion has said in his declaration, a person of ordinary skill in the art would have no 
trouble understanding what is meant by the term "prodrug" as used in the claims of this invention. 
(Erion Dccl. ffif 8 and 10) 

Indeed the term "prodrug" is commonly used in patent claims. A recent search of patents issued 
from 1976 to the present revealed that 343 patents used the term "prodrugs thereof in the claims. It is 
clearly a well accepted term in the pharmaceutical industry. 

The Examiner continues to object to the use of a functional definition, in spite of case taw to the 

contrary. As stated in MPEP § 2173.05(g), there is nothing inherently wrong with defining some part of 

an invention through functional terms. In fact the use of functional language has explicitly been 

approved by the Court of Appeals. When discussing functional language in Swinehart, the Court said: 

In our view, there is nothing intrinsically wrong with the use of such a 
technique in drafting patent claims. Indeed, we have even recognized in 
the past the practical necessity for the use of functional language. In re 
SwinehartandSfiligoj, 169U.S.P.Q. 226, 228 (C.C.P.A. 1971). 

Furthermore, MPEP § 2173.01 states: 

Applicants may use functional language, alternative expressions, negative 
limitations, or any style of expression or format of claims which makes 
clear the boundaries of the subject matter for which the protection is 
sought. As noted in In re Swinehart, 439 F.2d 210, 160 USPQ 226 
(CCPA 1971), a claim may not be rejected solely because of the type of 
language used to define the subject matter for which patent protection is 
sought. 
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, For example, In re Barr 9 the ILS, Court of Customs and Patent Appeals approved the use of 

functional language in defining the term "incapable of forming a dye with said oxidized developing 

agent." See In re Barr, 170 U.S.P.Q. 330, 337 (C.C.P JL 1971). The Court went on to say that: 

In summary, we hold that an applicant may invoke the third paragraph of 
section 1 12 to justify the specification of one or more elements of a 
claimed compound in "functional" teims 7 and that those "functional" terms 
may be "negative." The real issue in any such case is not whether the 
recital is "functional" or "negative, *' but whether the recital sets definite 
boundaries on the patent protection sought - that is, whether those skilled 
in the relevant art can determine what the claim does or does not read on. 
Judged by this standard, we think it clear that the controverted language 
complies with the second paragraph of section 112. Id. 

Furthermore, a "limited use of terms of effect or result, which accurately define the essential 
qualities of a product to one skilled in the art, may in some instances be permissible and even desirable." 
In reFuetterer, 138 USPQ 217, 222 (C.CP.A. 1963)(quoting General Electric Co. v. Wabash Appliance 
Corp., 37 USPQ 466, 469 (U.S. 1938)). 



The present situation is similar to the In re Fuetterer case. In that case, the examiner and the 
Board rejecled certain composition claims as indefinite, ambiguous, unduly broad, and functional, in 
part because the term "inorganic salts" was defined in a functional way. Id. at 218-219. The examiner 
stated that: 

"Inorganic salt" reads on literally thousands of materials, many of which 
would not be operative for applicant's purpose. For example, some salts 
could readily react with other ingredients in the composition while other 
salts could be corrosive or destructive of the rubber. This recitation is 
functional since it merely describes how the salt functions as the surface of 
the tire wears away. Id, at 220. 



First, the Court found that use of functional language was proper. Id. at 222. Then the Court 

went on to say that the claims were not unduly broad. Id, at 223. The Court stated: 

in the words of the second paragraph of section 1 12, "applicant regards as 
his invention" the combination with his other tread ingredients of any 
inorganic salt capable of '^maintaining the carbohydrate, the protein, or 
mixture thereof in colloidal suspension* * *." It i$ exactly this 
combination which appellant has particularly pointed out and distinctly 
claimed in compliance with the second paragraph of section 
112.. .Appellant's invention is the combination claimed and not the 
discovery that certain inorganic salts have colloidal suspending properties. 
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We see nothing in the patent law which requires appellant to discover 
which of all those salts have such properties and which will function in 
combination. Id. 

The Court went on to point out that there was no "undue burden" caused by the functional language of 
the claims: 

The Patent Office would require him to do research on the "literally 
thousands" of inorganic salts and determine which of these are suitable for 
incorporation into his claimed combination, apparently forgetting that he 
has not invented and is not claiming colloidal suspending agents but tire 
stock composed of a combination of rubber and other ingredients. Id. 

Although not directly on point, since the claim in Fuetterer was a combination claim, the 
C.C.P.A. held that the same reasoning applies to elements in claims for compounds. See In re Barr 9 170 
TXS.P.Q. at 336 (stating that although Fuetterer was not directly on point "we feel that its rationale, if 
not its holding, is controlling here."). 

As in Fuetterer, it would be an undue burden on the Applicant to list each and every suitable 
prodrug, as suggested by the Examinees request to incorporate 4 pages of text from the specification 
into the claims. The desirability of functional language in these claims is clear. 

As stated in Barr, the real issue is whether the Applicants have set definite boundaries on the 
patcnt protection sought A person of ordinary skill in the art knows what a prodrug is. A person of 
ordinary ski 11 in the art would also understand what the boundaries of the invention are, particularly 
• when the chums are viewed in light of the specification. According to MPEP § 2173.02, when 

"reviewing a claim for compliance with 35 U.S.C. 1 12, second paragraph, the examiner must consider 
the claims as a whole to determine whether the claim apprises one of ordinary skill in the art of its scope 
and, therefore, serves the notice function required by 35 U.S.C 1 12, second paragraph," Accordingly, 
there is nothing wrong with defining the term prodrug" in a functional manner. Nothing requires that 
the Applicants list each and every suitable prodrug. All that is required is that one of ordinary skill in 
the art can determine the scope of the claims. 

As explained by Dr. Erion in his declaration, a person of ordinary skill in the art can easily 
determiae what is or what is not a prodrug of this invention, such tests are routine, and no undue 
experimentation is required. (Erion Decl. 4-5, and 10). In addition, Dr. Erion explains that the 
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preparation of prodrugs is routine. (Erion DecL H 8). In the telephonic interview, the Examiner indicated 
that he woi dd give favorable consideration to such a declaration from Dr. Erion. In view of the above 
arguments and the declaration, the Applicants submit that a person of ordinary skill in the art would not 
find the use of the term "prodrug" to be indefinite. 

Therefore, the Applicants respectfully submit that Claims 1-6, 8-36 are definite and request 
withdrawal of the rejection. 

C. Claim 34 remains rejected as indefinite* 

The Examiner believes that the term "a fructose- 1,6-bisphosphate dependent disease" is 
indefinite. The Examiner contends that it is unclear what diseases and treatments are encompassed by 
the invention. The Examiner goes on to say: 

A claim is indefinite where it merely recites a use without any active, 
positive steps delimiting how to practice this use. Identifying which 
diseases applicants intend this claim to cover will involve extensive and 
potentially inconclusive clinical research. With out [sic] such clinical 
research to identify the patients and diseases applicants intend to treat, one 
skilled in the art cannot determine the metes and bounds of the claim. 
Hence, the claim is indefinite. (Office Action pp. 7-8) 

In the telephonic interview, the Examiner agreed that the Applicants can claim diabetes, 
complications of diabetes, and cardiovascular disease. The Applicants respectfully submit that claim 34 
is definite as written. However, in order to advance the prosecution of this case, the Applicants have 
amended claim 34 to recite complications of diabetes and cardiovascular disease. 

Therefore, the Applicants believe that claim 34 is definite- The Applicants respectfully request 
removal of this rejection. 

IV. THE 35 U.S.C. § 1 12, FIRST PARAGRAPH REJECTIONS 
A. Ciaims 1-6 and 9-36 remain rejected as not enabled. 

The Examiner believes that determining if a substance is a "prodrug" will require undue 
experimentation. (Office Action p. 9) The Examiner argues: 

For a compound to be a prodrug, it must meet three tests. It must itself be 
biologically inactive. It must be metabolized to a second substance in a 
human at a rate and to an extent to produce that second substance at a 
physiologically meaningful concentration. Thirdly, the second substance 
must be biologically active. Determining whether a particular compound 
meets these three criteria in a clinical trial setting passes the threshold of 
undue experimentation. (Office Action p. 9) 
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The Examiner then goes on to say that he found the Applicants' previous arguments 

unpersuasive. First, the Examiner discusses Wolff (Burger's Medicinal Chemistry) saying; 

[it] states prodrug development requires collaboration between the skilled 
medicinal chemists and metabolism specialists. All would have a Ph. D. 
degree and several years of industrial experience. . .in section 9.1 outlines 
the research program that must be undertaken to prepare a prodrug. In that 
paragraph, the difficulties of extrapolating between species in prodrug 
development are discussed. Thus, the question as to whether a compound 
is a prodrug in humans will require clinical studies. . .The working 
examples to which Applicants point are Examples 17 and 18. The 
invention concerns chemical synthesis and the pharmacokinetic properties 
of drug molecules. The state of the art is provided by the references cited 
by the Applicants and the Examiner. (Office Action pp. 10-1 1) 

The Examiner then goes on to say: 

Applicants use the word prodrug in two different ways. They assert that 
compounds of formula I are themselves prodrugs and the Applicants claim 
additional compounds that produce formula (I) upon metabolism. The 
Examiner has no view whether all, most, some, or any of the compounds 
of formula (I) are prodrugs. The issue is the compounds whose structures 
are not defined but lie outside the scope of formula (T), Formulas VI- VIII 
are embraced by formula (1) and do not provide guidance to the structures 
of those out that scope. The passage beginning at line 20, page 100 is 
labeled synthesis of prodrugs but in fact, outlines synthesis of formula (I) 
and does not provide any guidance to the structures of those out that 
scope. There are nine types of prodrugs disclosed in the passage spanning 
line 1 1, page 1 1 to line 26, page 15. Most are covered by formula (I) but 
Formula B 7 page 1 1, the right side of Formula E, page 13, Formulas E1,E- 
2. E3-, and F, page 14, the trichloroethyl ester in the last paragraph on 
page 15 are outside the scope of formula (I) and constitute guidance in the 
specification- 
Examples 17 and 18, page 130-131, lack any chemical data characterizing 
the products, and fail to specify the staring [sic] materials used, stating 
only an "aminoacid ester" is to be used. The two examples give no 
biological data and do not oJEfer any evidence whether the products of 
these reactions are or are not prodrugs. Thus, these are prophetic, not 
working examples. In addition, as discussed above, these do not bear on 
Hie question of compounds lying outside the scope of formula (I). In 
Example I, spanning pages 138-139, Applicants describe a protocol for 
determining if a compound is a prodrug in rats. There are no results 
reported and it is unclear if any of the compounds lying outside the scope 
of fonnula (I) have been tested in this protocol. Thus Applicants have 
provided no working examples of a prodrug. (Office Action pp. 1 1-12) 
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The Examiner goes on to discuss several references. The Examiner says: 

Sanchez (J. Med. Chem.) in the four sentences spanning page 1766 
implies that the prodrug nature of an alanate ester was only found 
empirically after the compound was made. Serafinowska (J. Med. Chem.) 
in the last complete paragraph on the left side of page 1375 describes the 
synthesis of thirty-eight potential prodrug phosphonate esters and two 
amides. Nineteen of these displayed measurable bioavailability. Of these, 
only seven had bioavailability greater than 1 0% required of a successful 
prodrug. It appears that only three of these substances were further 
evaluated as possible prodrugs. Thus, the skill in the art of synthesis of 
prodrugs would appear low and not predictable as of 1995. 

Bundgaard (J. MetL Chem.) in the second sentence states that a major 
problem exists in prodrug design, namely designing the proper derivative. 
The second paragraph makes the point that some ethyl ester prodrugs are 
hydrolyzed i* vivo and some are not. Thus, establishing the lack of 
predictability in the prodrug area as of 1987. Banker (Modern 
Pharmaceutics) says on page 451, first paragraph that "preparation of 
prodrugs is becoming a common practice", implying that is not routine as 
of 1996. Banker (Modem Pharmaceutics) says on page 596, third 
paragraph that "extensive development must be undertaken to find the 
correct chemical modification". Clearly an invitation to open-ended and 
potentially inconclusive research. 

Wolff (Medicinal Chemistry) ins second paragraph in section 10 and the 
paragraph spanning pages 976-977 indicate the low expectation of success 
of preparing prodrugs. Since, the prodrug concept is a pharmacokinetic 
issue, the lack of any standard protocol discussed in the last sentence of 
this paragraph is particularly relevant. Finally, concerning the amine 
containing drugs, Shan (J. Pharmaceutical Sci.) indicates in the first 
paragraph, page 765 that "[applying similar strategies to the preparation 
of prodrugs of amine-containing drugs is somewhat more 
problematic. . .because of the stability of the amide bond". Thus indicating 
that the research program outlined above may be inconclusive when 
applied to drugs that are amines. This also contradicts the paragraph 
spanning pages 10 and 1 1 stating that esters of amines (amides) are 
prodrugs. (Office Action pp. 12-14) 

First, the Applicants note that according to the definition in the specification at pp. 10-1 1 and 
what is known in the art, "in some cases, the prodrug is biologically active usually less than the drug 
itself, and serves to improve efficacy or safety through improved oral bioavailability, pharmacodynamic 
half-life, etc." Therefore, the first test suggested by the Examiner is not a requirement per se for 



17 

SAN/65122. Jt 



Received from < 858 720 2555 > at 5/27103 6:25:24 PM [Eastern Daylight Time] 



27/05 2003 15:28 FAX 858 720 2555 



PAUL HASTINGS 



Eg] 022 



Serial No. 09/801,933 p atent 

45198.00042,RCE 

prodrugs. However, determining whether a compound meets any of the three criteria set out by the 
Examiner requires only routine testing. 

A person of ordinary skill in the art understands how to make a prodrug and determine if a 
compound is suitable as a prodrug. A myriad of references describe the routine preparation of prodrugs. 

As explained above in Section m.B. 3 MPEP § 2173.05(g) explains that there is nothing 
inherently wrong with defining some part of an invention through functional terms. In fact the use of 
functional language has explicitly been approved by the Court of Appeals. When discussing functional 
language in Swinehart, the Court said: 

In our view, there is nothing intrinsically wrong with the use of such a 
technique in drafting patent claims. Indeed, we have even recognized in 
the past the practical necessity for the use of functional language. In re 
SwinehartandSfiligoj, 169U.S.P.Q.226, 228 (C.C.P.A. 1971). 

The key is whether "the claim apprises one of ordinary skill m the art of its scope." M.P.E.P. § 2173,02. 

As Dr. Erion explains in his Declaration, "a person of ordinary skill in the art can readily determine what 

is or what is not a prodrug of the current invention. The tests for making such determinations are routine 

and well-known in the art." (Erion DecL ^ 4). Furthermore, prodrug technology is well understood in 

the art. Dr. Erion explains this further in his declaration saying: 

The tests for whether a compound is or is not a prodrug are routine, do not 
require undue experimentation, and were well-known in the art as of 
March 2000. Typically prodrugs are evaluated by first establishing assays 
that monitor production of the biologically active drug. This is typically 
accomplished using HPLC or HPLC coupled with mass spectroscopy. All 
techniques are routine for pharmaceutical companies and do not comprise 
undue experimentation. (Erion Decl. f 5). 

La fact, the Applicants have provided structural guidance as to what is meant by the term 
sc prodrug " As explained by Dr. Erion 

As defined at p. 10-1 1 of the specification a prodrug is a compound that 
undergoes a chemical modification to form a biologically active molecule 
or a precursor to the biologically active drug. There are many commonly 
known prodrugs. For example, a compound may have a free hydroxyl 
group on it A common prodrug of a hydroxyl is an ester. Esters are often 
quickly broken down within the body to produce the compound with the 
free hydroxy]. In this example, the ester is the prodrug. Ih general, each 
functional group, e.g. hydroxyl, thiol, amine, carboxylic acid, has a set of 
well described prodrugs that have proven useful for masking the 
functional group in a manner that enables improved oral bioavailability, 

18 

SAW65122. J» 

t 

Received from < 858 720 2555 > at 5/27/03 6:25:24 PM [Eastern Daylight Time] 



27/05 2003 15:28 FAX 858 720 2555 



PAUL HASTINGS 



@] 023 



Serial No. 09/801,933 Patent 

45198.00042.RCE 

improved pharmacokinetics, improved distribution, or other properties 
readily observable during testing in animals and man. (Erion Decl. f 4). 

In addition, the specification gives examples for the preparation of prodrugs of this invention. 
(Seepp. 96-108). According to MPEP § 2164.01(b), "As long as the specification discloses at least one 
method of making and using the claimed invention that bears a reasonable correlation to the entire scope 
of the claim, then the enablement requirement of 35 U.S.C. 112 is satisfied." Dr. Erion explains that "a 
person of ordinary skill in the art could routinely prepare prodrugs of the invention particularly in view 
of the general procedures for prodrug preparation given at pp. 96-108 of the specification and by the 
definition of the term '"prodrug" at pp. 10-1 1 of the specification." (Erion Decl. 1 8). 

There is no requirement that any textbook contain a recipe for making "prodrugs' of the 
Applicants' invention. The specification describes the preparation of prodrugs of this invention. (See 
Pp. 96-108). As Dr. Erion has explained "a person of ordinary skill in the art could routinely prepare 
prodrugs of the invention particularly in view of the general procedures for prodrug preparation given at 
pp. 96-108 of the specification and by the definition of the term "prodrug" at pp. 10-1 1 of the 
specification." (Erion Decl. If 8). 

Contrary to the Examiner's position, the prodrug art is not unpredictable. Dr. Erion explains this 
further in his declaration saying: 

The tests for whether a compound is or is not a prodrug are routine, do not 
require undue experimentation, and were well-known in the art as of 
March 2000. Typically prodrugs are evaluated by first establishing assays 
that monitor production of the biologically active drug. This is typically 
accomplished using HPLC or HPLC coupled with mass spectroscopy. All 
techniques are routine for pharmaceutical companies and do not comprise 
undue experimentation. (Erion Decl. ^ 5). 

As Dr. Erion has said in his declaration, a person of ordinary skill in the art would have no 
trouble understanding what is meant by the term "prodrug" as used in the claims of this invention. 
(Erion Decl. ffl 8 and 1 0). 

The Examiner's complaint there are no "working" examples of prodrugs is not a recognized 
ground in either the MPEP or caselaw for patentability of claims. The Examiner admitted that the 
specification contains paper examples for prodrug activity. The MPEP and caselaw recognize the 
adequacy of paper examples to support claims. MPEP § 2164.02 ("Compliance with the enablement 
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requirement of 35 U.S.C. 1 12, first paragraph, does not turn on whether a working example is 
disclosed."); Gould v. Quigg, 3 USPQ 2d 1302, 1304 (Fed Cir. 1987)( "The mere fact that something 
has not previously been done clearly is not, in itself, a sufficient basis for rejecting all applications 
puiporting to disclose how to do it." citation omitted). 

The Examiner cites several references to show that the prodrug art is not predictable. (Office 
Action pp. 12-14) The Applicants do not believe that this is the proper interpretation of these 
references. As explained by Dr. Eriou in his declaration, a person of ordinary skill in the art can easily 
determine what is or what is not a prodrug, such tests are routine, and no undue experimentation is 
required. (Erion Decl. IflJ 4-5, and 9-10). The fact that some testing is required does not mean thai the 
prodrug art is "unpredictable " The Examiner also cites Serafinowska and Bundgard to show that the 
prodrug art was not predictable in 1996 or 1987. (Office Action pp. 12-13) The Applicants note that 
neither 1996 nor 1987 is the filing date of this Application. State of the art in 1996 or 1987 is not 
necessarily state of the art in 2000. 

The Examiner refers to Banker and interprets the phrase ''preparation of prodrugs is becoming a 
common pnictice" to mean that it is not routine of 1996. (Office Action p, 14). As above, the Applicants 
are not clear that this is the proper interpretation of the phrase from Banker. In fact, this phrase would 
indicate the opposite, that the preparation of prodrugs is standard in 1996. Even if prodrug preparation 
was not standard in 1996, 1996 is not the filing date of this Application. State of the art in 1996 is not 
necessarily state of the art in 2000, particularly when it comes to textbooks that are written well in 
advance of publication. 

The Examiner also points to the research program outlined in Wolff and to the phrase "extensive 
development must be undertaken to find the correct chemical modification" in Banker as "an invitation 
to open-endesd and potentially inconclusive research." (Office Action p. 14). Again, the Applicants 
respectfully disagree with the Examiner's interpretation of these textbook sections. The Examiner 
appears to take these quotations out of context. For instance, the standard for getting a drug approved 
for use in humans by the FDA is a completely different standard from that required for patentability. 

In any event, the Applicants are not clear as to why the Examiner finds these textbooks 
persuasive. The enablement requirement does not require that there be no experimentation. As stated in 
M.P.E.P. §2164.01: 
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The fact that some experimentation may be complex does not necessarily 
make it undue, if the art typically engages in such experimentation.. .The 
test of enablement is not whether any experimentation is necessary, but 
whether if experimentation is necessary, it is undue. M.P.E.P. § 2164.01 
(internal citations omitted) 

In fact, Dr. Erion has explained that a person of ordinary skill in the art can routinely prepare the 

prodrugs of this invention without undue experimentation. (Erion Decl. If 8) It should be noted that the 

Court lias cautioned against the Examiner substituting his opinion for that of one skilled in the art. For 

example when speaking to an obviousness rejection, the Court said: 

We do not think it was the intent of section 103 that either the examiner, 
the board, or this court should substitute their own speculations for the 
factual knowledge of those skilled m the art. Where, as here, an affidavit 
states facts which are relevant to the ultimate determination of the legal 
issue arising under 103, we think it must be given careful evaluation and 
properly weighed to determine whether it factually rebuts the bases upon 
which the examiner has predicated his findings of obviousness. In re 
Katzschmann, 146 U.S.P.Q. 66, 68 (C.C.P.A. 1965). 

Finally, the Applicants did not mean to imply that prodrug technology was routine in the late 
nineteenth century, but merely that prodrugs have been in use for a long time. 

As explained by Dr. Erion in his declaration, a person of ordinary skill in the art can easily 
determine what is or what is not a prodrug of this invention, such tests are routine, and no undue 
experimentation is required. (Erion Decl. fl[ 4-5, and 9). In addition, Dr. Erion explains that the 
preparation of prodrugs is routine. (Erion Decl. f 8). In the telephonic interview, the Examiner indicated 
that he would give favorable consideration to such a declaration from Dr, Erion. In view of the above 
arguments and the declaration, the Applicants submit that a person of ordinary skill in the art would find 
that the claims are enabled. 

The Applicants submit that they have thus satisfied the enablement requirement. Therefore, the 
Applicants respectfully request withdrawal of the rejection that Claims 1-6 and 8-36 are not enabled. 

& Claim 34 remains rejected as not enabled. 

The Examiner contends that while the specification is enabling for treatment of diabetes, it is not 
enabling for treatment of "a fructose- 1 ,6-biphosphatase dependent disease" generally. The Examiner 
states: 
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Applicants have not demonstrated nor have they alleged there is any 
correlation between the in vitro assay, whose results are described in Table 
3, page 133, and clinical efficacy against any specific disease. Case law is 
clear on this point In an unpredictable art, such as diabeteis [sic] 
pharmacology, in vitro assays maybe used for enablement only if there is 
a well-established correlation between the assay and clinical efficacy. 
(Office Action p. 14). 

In the telephonic interview, the Examiner agreed that the Applicants can claim diabetes, 
complications of diabetes, and cardiovascular disease. The Applicants respectfully submit that claim 34 
is enabled as written. However, in order to advance the prosecution of this case, the Applicants have 
amended claim 34 to recite complications of diabetes and cardiovascular disease. 

In view of the above, Applicants respectfully request removal of the rejection that claim 34 is not 
enabled. 



C Claims 36 remains rejected as not enabled. 

The Examiner contends that while the specification is enabling for treatment of diabetes, it is not 

enabling for treatment of "glycogen storage diseases" generally. The Examiner states: 

Applicants have not demonstrated nor have they alleged there is any 
correlation between the in vitro assay, whose results are described in Table 
3 9 page 133, and clinical efficacy against any specific disease. Case law is 
clear on this point. In an unpredictable art, such as diabeteis [sic] 
pharmacology, in vitro assays may be used for enablement only if there is 
a well-established correlation between the assay and clinical efficacy. 
(Office Action p. 15-16). 

The Examiner goes on to say: 

Applicants have clarified that these diseases are the enzyme deficiency 
disorders of seven specific types of glycogenosis as (Cori classification) 
and as further described in Chen (Principles of Internal Medicine). The 
Table 347-1 on page 2178 of Chen (Principles of Internal Medicine) 
teaches that none of these diseases involves fructose- 1,6-bisphosphaaste 
[sic]. The only glycogen storage disease involving fructose is type VII, 
Tarui disease. This disease is caused by a deficiency of the 
phosphofructoldnase enzyme. The Figure 3474 on page 2177 makes 
clear that this is a different enzyme than fructose- 1 9 6-bisphosphaaste [sic]. 
Why do Applicants believe that their fructose-1,6- bisphosphaaste [sic] 
will be benefication for any of these enzyme disorders? (Office Action p. 
16) 
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During the telephonic interview, the Examiner agreed with the Applicants explanation that 
anything that inhibits glucose would be helpful in inhibiting the build-up of glycogen. Since FBPase 
inhibitors inhibit glucose, they are helpful in inhibiting the build-up of glycogen, and thus useful in 
treating glycogen storage diseases. Therefore, claim 36 is enabled. Applicants respectfully request 
removal of ihe rejection that claim 36 is not enabled. 



D. Claims 1, 2 9 &, 9 9 11, 12, 14, IS, 17, 20, and 29 stand rejected as lacking mitten 
description. 

The Examiner says: 

The two provisos in the next to last three lines of claim 1 lack written 
description. Nowhere in the specification is such a relationship linking the 
description among radical R 5 and radicals J^-J* described. Such a negative 
limitation requires description. In Ex parte Grasselli, et aJ. 231 USPQ393, 
decided June 30, 1983, the U.S. Patent and Trademark Office, Board of 
Patent Appeals and Interferences said: c *we agree with the examiner's 
position of record that the negative limitations recited in the present 
claims, which did not appear in the specification as filed, introduce new 
concepts and violate the description requirement of the first paragraph of 
35 U.S.C. 1 12." "It might be added that the express exclusion of certain 
elements implies the permissible inclusion of all other elements not so 
expressly excluded. This clearly illustrates that such negative limitations 
do, in feet, introduce new concepts." (Office Action pp. 16-17) 

As stated in the MPBP § 2163, in order to "satisfy the written description requirement, a patent 
specification must describe the claimed invention in sufficient detail that one skilled in the art can 
reasonably conclude that the inventor had possession of the claimed invention." In In re Wertheim, the 
Court s;iid "[i]t is not necessary that the application describe the claim limitations exactly, but only so 
clearly that persons of ordinary skill in the art will recognize from the disclosures that appellants 
invented processes for including those limitations." In re Wertheim, 191 U.S.P.Q. 90, 96 (C.C.P.A. 
1976)(internal citations omitted). In Wertheim, the disputed term was the limitation between 35% and 
60%." Id. at 98. The specification recited a broader range of 25-60%. The Court found thai the 
narrower limitation had adequate written description saying "we are of the opinion that, as a factual 
matter, persons skilled in the art would consider processes employing a 35-60% solids content range to 
be part of the appellants' invention/ ' Id. The Court went on to say "[i]f lack of literal support alone 
were enough to support a rejection under § 1 12, then the statement of In re Lukach, that 'the invention 
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claimed does not have to be described in ipsis verbis in order to satisfy the description requirement of § 
1 12/ is empty verbiage." Id. (internal citations omitted). 

In a more analogous case, the applicants faced a 102 rejection unless they could claim the benefit 
of an ecirlier filed application. In re Driscoll, 195 U.S.P.Q. 434, 436 (C.C J\A. 1977). The priority 
application had a Markush group wherein R was selected from the group consisting of 14 groups. Id. at 
436. The claim in the application at issue allowed R to be only one of those 14 groups. Id. at 435. The 
Examiner and Board found that the applicants were not entitled to the earlier filing date, since they 
believed that the earlier application lacked an adequate written description for the new claim. Id, at 436. 

The Court disagreed saying: 

We thus agree with appellant that a skilled artisan would recognize from 
the disclosure of S.N.782,756 fourteen distinct classes of compounds, each 
class having a single member of the R group at the 5-position of the 
thiadiazole moiety and variable substituent groups on the urea moiety. 
This being the case, it follows that S.N.782,756 describes the subject 
matter of claim 13 inasmuch as one of the fourteen classes of compounds 
is the 5-alkylsulfonyl-l ,3,4-thiadiazole ureas defined therein. Id. at 437- 
38. 

The Court went on to criticize the decision by the Examiner and the Board as "a hypercritical 

applical ion" of the written description requirement. Id. at 438. The Court felt that upholding the Board's 

decision would create a predicament for future applicants where: 

If, when [applicants] yield any part of what they originally believed to be 
their due, they substitute a new "invention," only two courses will be open 
to them: they must at the outset either prophetically divine what the art 
contains, or they must lay down a barrage of claims, starting with the 
widest and proceeding by the successive incorporation of more and more 
detail, until all combinations have been exhausted which can by any 
possibility succeed. The first is an impossible task; the second is a custom 
already more honored iji the breach than in the observance, and its 
extension would only increase that surfeit of verbiage which has for long 
been the curse of patent practice, and has done much to discredit it It is 
impossible to imagine any public purpose which it could serve. Id. 
(internal citation omitted) 

Such is the case here, adding a proviso that yields part of what was the originally claimed 
invention should not constitute new matter. 

The Ex Parte Grasselli case cited by the Examiner is distinguished in that it appears that the 

specification in that case did not disclose a Markush group of possible catalysts and then only claim 

• \ 

24 \ 

SAN/65122. 2 



Received from < 858 720 2555 > at 5/27/03 6:25:24 PM [Eastern Daylight Time] 



27/05 2003 15:30 FAX 858 720 2555 



PAUL HASTINGS 



@029 



Serial No. 09/801,933 Patent 

45198.00042.RCE 

some of the catalysts in the latex application. Ex Pare Grasselli, 231 U-S.P.Q. 393, 394 (Bd. Pat. App. & 
Int. 1983). Based on the sketchy facts of the case, it appears that the applicants added provisos 
eliminating certain catalysts found m the prior art, when they had not named possible catalysts before. 
Id. This Application is distinguishable in that the specification and claim 1 have disclosed Markush 
groups for R 5 and L. The proviso merely yields part of what was originally claimed. The proviso has 
not added new matter. 

A person of skill in the art would understand that the Applicants had possession of the invention 
claimed in claims 1, 2, 8, 9, 11, 12, 14, 15, 17, 20, and 29. The provisos do not constitute new matter 
and do satisfy the written description requirement. Therefore, Applicants respectfully request the 
removal of this rejection. 
V. THE 35 U.S.C. § 102 REJECTION 

Claims 1, 2, 8, 9, 11, 12, 14, 15, 17, 20, and 29 remain rejected under 35 U.S.C. § 102(b) as 
being anticipated by U.S. Patent No. 4,640,701 ('"the '701 patent"). The Examiner contends that two of 
the compounds taught by the '701 patent fit formula I compounds of the above claims. The Examiner 
admits that the provisos overcome the rejection, but finds that the provisos are new matter. 

As explained above, the provisos do not constitute new matter and do satisfy the written 
description requirement. Therefore, Applicants respectfully request the removal of this rejection. 

Conclusion 

In view of Hie above remarks, it is believed that the application is in condition for allowance, and 
such action is respectfully requested at the Examiner's earliest convenience. 

Respectfully Submitted, 

Date: S \Xl 1 03 



Paul, Hastings, Jauofsky & Walker LLP 
12390 151 Cnmino Real 
San Diego, CA 92130-2081 
Direct Dial: (858)720-2885 
Facsimile: (858)720-2555 
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Marked Up Version of the Claims 

34. (Once Amended) A method of treating [a fructose- 1 ,6-bisphosphatase dependent disease or 
condition] complications of diabetes or cardiovascular diseases in an animal which comprises 
administering to an animal suffering from [a fructose* 1,6-bisphosphatase dependent disease or 
condition] complications of diabetes or cardiovascular diseases a pharmaceutically effective amount of a 
compound of fonnula (I): 



R 1 Y- 



YR 



wherein R is selected from the group consisting of: 



CD 




and 



1(a) 



1(b) 



wherein: 

G l is selected from the group consisting of G, O, and S; 

G 3 and G 4 are independently selected from the group consisting of C, N, O, and S; 

wherein a) not more than one of G 2 , G 3 , and G 4 may be O, or S; b) when G 2 is O or S, not more 
than one of G 3 and G 4 is N; c) at least one of G 2 , G 3 , and G 4 is C; and d) G 2 , G\ and G 4 are not all C; 

X 3 , X 4 , and X 5 are independently selected from the group consisting of C and N, wherein no 
more than two of X 3 , X 4 , and X 5 may be N; 
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J 2 , J 3 , J 4 , J 5 , and J 6 are independently selected from the group consisting of -H, 
-NRV -CONR 4 2, -CO2R 3 , halo, -S(0) 2 NR 4 2 , -S(0)R 3 , -S0 2 R 3 , alkyl, alkenyl, alkynyl, alkylenearyl, 
perhaloalkyl, haloalkyl, aiyl, heteroaxyl, alkylene-OH, -C(0)R n , -OR 11 , 
-alkylt:rie-NR 4 2, -alkylene-CN, -CN, -C(S)NR 4 2> -OR 2 7 -SR 2 , -N 3 , -N0 2 , -NHC(S)NR 4 2 , and 
-NR l8 COR 2 ; 

L is selected from the group consisting of: 

i) a linking group having 2-4 atoms measured by the fewest number of atoms connecting the 
carbon of the aromatic ring and the phosphorus atom and is selected from the group consisting of- 
funrayl-, -tliienyl-, -pyridyl-, -oxazolyl-, -imidazoiyK -phenyl-, 

-pyrimidinyl-, -pyrazinyl-, and -alkynyl-, all of which may be optionally substituted; and 

ii) a linking group having 3-4 atoms measured by the fewest number of atoms 
connecting the carbon of the aromatic ring and the phosphorus atom and is selected from the group 
consisting of -alkylenecarbonylamino-, -alkyleneaininocarbonyl-, -alkyleneoxycarbonyi-, 
-alkyieueoxy-, -alkylenethio-, -alkyienecarbonyloxy-, -alkylene-S(O)-, -alkylene-S(0) 2 - f and 
-alkyleneoxyalkylene-, all of which may be optionally substituted; 

Y is independently selected from the jgroup consisting of -0-, and -NR 6 -; 

when Y is -0-, then R 1 attached to -O- is independently selected from the group consisting of -H, 
alkyl, optionally substituted aiyl, optionally substituted alicyclic where the cychc moiety contains a 
carbonate or thio carbonate, optionally substituted arylalkylene-, 
-C(R 2 )20C(0)NR 2 2 3 -NR 2 -C(0)-R\ -C(R 2 ) 2 -OC(0)R 3 , -C(R 2 ) 2 -0-C(0)OR 3 , 
-C(R 2 ) 2 0C(0)SR 3 , -alkylene-S-C(0)R 3 , -alkylene-S-S-alkylenehydroxy, and 
-alkyl ene-S- • S-S-alkylenehydroxy, 

when one Y is -NR 6 -, and R 1 attached to it is -(CR 12 R l3 XrC(0)-R 14 , then the other YR l is 
selected frojn the group consisting of-NR 15 R 1<5 , -OR 7 , andNR°-(CR I2 R l VC(0>R 14 ; 

or when either Y is independently selected from -O- and -NR 6 -, then together R 1 and R 1 are - 
alkylene-S-S-alkylene- to form a cychc group, or together R 1 and R 1 are 
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wherein 

a) V is selected from the group of aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkynyl 
and 1-alkenyl; 

2 is selected from the group of -CHR 2 OH , -CHR 2 OC(0)R 3 , -CHR 2 OC(S)R 3 , 
-CHR 2 OC(S)OR 3 , -CHR 2 OC(0)SR 3 , C^OCOjR 3 , -OR 2 , -SR 2 , -CHR 2 ^, -CH 2 aiyl, 
-CH(aryl)OH, -CH(CH-CR 2 2 )OH, -CH(C S CR 2 )OH, -R 2 , -NR 2 2 , -OCOR 3 , -OCO^, -SCOR 3 , 
-SC0 2 R 3 , -NHCOR 2 , -NHC0 2 R 3 , -CH 2 NHaiyI, (CH 2 ) p -OR 10 , and -(O^-SR 19 ; or 

together V and Z are connected via an additional 3-5 atoms to form a cyclic group, optionally 
containing 1 heteroatom, said cyclic group is fused to an aryl group at the beta and gamma position to 
the Y adjacent to V; or 

together Z and W are connected via an additional 3-5 atoms to form a cyclic group, optionally 
containing one heteroatom, and V must be aryl, substituted aryl, heteroaryl, or substituted heteroaryl; or 

are independently selected from the group of -H, alkyl, aralkyl, alicyclic, aryl, 
substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl and 1-alkynyl and -R 9 ; or 

together W and W are connected via an additional 2-5 atoms to fonn a cyclic group, optionally 
containing 0-2 heteroatoms, and V must be aryl, substituted aryl, heteroaryl, or substituted heteroaryl; 

b) V 2 , W 2 and W ' are independently selected from the group of -H, alkyl, aralkyl, alicyclic, aryl, 
substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, and 1-alkynyl; 

Z 2 is selected from the group of -CHR 2 OH, -CHR 2 OC(0)R 3 , -CHR 2 OC(S)R 3 , 
-CHR 2 0CQ>R\ -CHR 2 OC(0)SR 3 s -CHR 2 OC(S)OR 3 , -CH(aiyl)OH, -CH(CH=CR 2 2 )OH, 
-CH(OCR 2 )OH, -SR 2 , -CH 2 NHaxyl, -CH 2 aryl; or 

together V 2 and Z 2 are connected via an additional 3-5 atoms to form a cyclic group containing 
5-7 ring atoms, optionally containing 1 heteroatom, and substituted with hydroxy, acyloxy, 

28 

SAN/6SI32. 1 



Received from < 858 720 2555 > at 5/27/03 6:25:24 PM [Eastern Daylight Time] 



27/05 2003 15:31 FAX 858 720 2555 



PAUL HASTINGS 



@033 



Serial No. 09/801,933 Patent 

45198.00042.RCE 

alkyleneoxycarbonyloxy, or aryloxycarbonyloxy attached to a carbon atom that is three atoms from a Y 
attached to phosphorus; 

c) Z' is selected from the group of -OH, -OC(0)R 3 , -OC0 2 R 3 , and 
-OC(0)SR ? ; 

D' is-H; 

D" is selected from the group of -H, alkyl, -OR 2 , -OH, and -OC(0)R 3 ; 

each W 3 is independently selected from the group consisting of -H, alkyl, aralkyl, alicyciic, aryl, 
substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, and 1-alkynyl; 
p is an integer 2 or 3; 
with the provisos that: 

a) V, Z, W, W are not all -Hand V 2 , Z 2 , W 2 , W" are not all~H ; and 

R 2 is selected from the group consisting of R 3 and -H; 

R 3 is selected from the group consisting of alkyl, aryl, alicyciic, and aralkyl; 

each R 4 is independently selected from the group consisting of -H, alkylene, -alkylenearyl and 
aryl, or together R 4 and R 4 are connected via 2-6 atoms, optionally including one heteroatom selected 
from the group consisting of O, N, and S; 

R 6 is selected from the group consisting of -H, lower alkyl, acyloxyalkyl, aryl, aralkyl, 
alkyloxycarbonyloxyalky), and lower acyl, or together with R 12 is connected via 1-4 carbon atoms to 
form a cyclic group; 

R 7 is lower R 3 ; 

each R 9 is independently selected from the group consisting of -H t alkyl, aralkyl, and alicyciic, 

or togelher R 9 and R 9 form a cyclic alkyl group; 

R 11 is selected from the group consisting of alkyl, aryl, -NR 2 2> and -OR 2 ; and 

each R 12 and R 13 is independently selected from the group consisting of H, lower alkyl, lower 

aryl, lower aralkyl, all optionally substituted, or R 12 and R 13 together are connected via a chain of 2-6 

atoms, optionally including 1 heteroatom selected from the group consisting of O, N, and S, to form a 

cyclic group; 

each R 14 is independently selected from the group consisting of -OR 17 , -N(R 17 ) 2s 
-NHR 17 , -SR 17 , and -NR 2 OR 20 ; 
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R 15 is selected from the group consisting of -H s lower aralkyl, lower aryl, lower aralkyl, or 
together with R 16 is connected via 2-6 atoms, optionally including I heteroatom selected from the group 
consisting of O, N, and S; 

R 16 is selected from the group consisting of -(CR 12 R 13 ) n -C(0)-R 14 , -H. lower alkyl, lower aryl, 
lower aralkyl, or together with R 15 is connected via 2-6 atoms, optionally including 1 heteroatom 
selected from the group consisting of O, N, and S; 

each R 17 is independently selected from the group consisting of lower alkyl, lower aryl, and 
lower aralkyl, or together R 17 and R 17 on N is connected via 2-6 atoms, optionally including 1 
heteroatom selected from the group consisting of O, N, and S; 

R 18 is selected from the group consisting of -H and lower R 3 ; 

R 19 is selected from the group consisting of -H, and lower acyl; 

R 20 is selected from the group consisting of -H f lower R 3 , and -C(0)-(lower R 3 ); 

n is an integer from 1 to 3; 

with the provisos that: 

1) when X 3 , X 4 , or X 5 is N, then the respective J 3 , J 4 , or J 5 is null; 

2) when G 2 > G 3 , or G 4 is O or S, then the respective J 2 , J 3 , or J 4 is null; 

3) when G 3 or G 4 is N, then the respective J 3 or J 4 is not halogen or a group directly bonded 
toG 3 orG 4 via a heteroatom; 

4) if both Y groups are -NR 6 -, and R l and R 1 are not connected to form a cyclic 
phosphoramidale, then at least one R 1 is -(CR l2 R l3 )n-C(0)-R u ; 

5) R 1 can be selected from the lower alkyl only when the other YR 1 is 
-NR^CCR^R^^-CCOJ-R 14 ; 

and pharmaceutical^ acceptable prodrugs and salts thereof. 
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PENDING CLAIMS 
1. (Once Amended) A compound of formula (I): 

. 1 . 

R Y — P L R 

I, 

YR 1 

(0 

wherein R 5 is selected from the group consisting of: 




1(a) 1(b) 



wherein: 

G 1 is selected from the group consisting of C, O, and S; 

G 3 and G 4 are independently selected from the group consisting of C, N, O, and S; 

wherein a) not more than one of G 2 > G 3 , and G 4 may be O, or S; b) when G 2 is O or S, not 
more than one of G 3 and G 4 is N; c) at least one of G 2 , G 3 , and G 4 is C; and d) G 2 , G 3 , and G 4 are 
not all C; 

X 3 , X 4 , and X 5 are independently selected from the group consisting of C and N, wherein 
no more than two of X 3 , X 4 , and X 5 may be N; 

J 2 , J 3 , J 4 , J 5 , and J 6 are independently selected from the group consisting of -H, 
-NR 4 2 , -CONR 4 2j -CQ2R 3 , halo, -S(0) 2 NR 4 2 , -S(0)R 3 , -SO2R 3 , alkyl, alkenyl, alkynyl, 
alkylenearyl, perhaloalkyl, haloalkyl, aryl, heteroaryl, alkylene-OH, -C(0)R n , -OR 11 , 
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-a!kylene-NR 4 2 , -alkylene-CN, -CN, -C(S)NR 4 2 , -OR 2 , -SR 2 , -N 3a -NQ2, -NHC(S)NR 4 2> and 
-NR 18 COR 2 ; 

L is selected from the group consisting of: 

i) a linking group having 2-4 atoms measured by the fewest number of atoms connecting 
the carbon of the aromatic ring and the phosphorus atom and is selected from the group 
consisting of-fiiranyl-, -thienyl-, -pyridyl-, -oxazolyl-, -imidazolyl-, -phenyl-, 
-pyrimidinyl-, -pyrazinyl-, and -alkynyl-, all of which maybe optionally substituted; and 

ii) a linking group having 3-4 atoms measured by the fewest number of atoms connecting 
the carbon of the aromatic ring and the phosphorus atom and is selected from the group 
consisting of -alkyienecarbonylamino-, -alkyleneaminocaibonyl-, -alkyleneoxycarbonyl-, 
-alkyleneoxy-, and -alkyleneoxyalkylene-, all of which may be optionally substituted; 

Y is independently selected from the group consisting of -O-, and -MR 6 -; 

when Y is -0-, then R 1 attached to -O- is independently selected from the group 
consisting of -H, alkyl, optionally substituted aryl, optionally substituted alicyclic where the 
cyclic moiety contains a carbonate or thiocarbonate, optionally substituted arylalkylene-, 
-C(R 2 ) 2 OC(0)NR 2 2 , -NR 2 -C(0)-R 3 , -C(R 2 ) 2 -OC(0)R 3 , -C(RVo-C(0)OR 3 , 
-C(R 2 )20C(0)SR\ -alkylene-S-C(0)R 3 , -alkylene-S-S-alkylenehydroxy, and 
-alkylene-S-S-S-alkylenehydroxy, 

when one Y is -NR 6 -, and R 1 attached to it is -(GR 12 R 13 )n-C(0)-R 14 , then the other YR 1 
is selected from the group consisting of-NR 15 R 16 , -OR 7 , and NR 6 -(CR 12 R l3 ) n -C(0>R 14 ; 

or when either Y is independently selected from -O and -NR 6 -, then together R 1 and R 1 
are -alkylene-S-S-alkylene- to form a cyclic group, or together R 1 and R 1 are 




wherein 
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a) V is selected from the group of aryl, substituted aryi, heteroaryl, substituted heteroaryl, 
1-alkynyl and 1-alkenyl; 

Z is selected from the group of-CHR 2 OH , -CHR 2 OC(0)R 3 , -CKR 2 OC($)R\ 
-CHR 2 OC(S)OR 3 , -CHR 2 OC(0)SR 3 , -CHR^OzR 3 , -OR 2 , -SR 2 , -CHR 2 N 3 , -CH 2 aryl, 
-CH(aryl)OH, -CH(CH=CR 2 2 )OH, -OT(C^CR 2 )OH, -R 2 , -NR 2 2 , -OCOR 3 , -OCO2R 3 , -SCOR 3 , 
-SCOzR 3 , -NHCOR 2 , -NHCQ2R 3 , -CHzNHaiyl, -(CH^OR 19 , and -(CH 2 )p-SR 19 ; or 

together V and Z are connected via an additional 3-5 atoms to form a cyclic group, 
optionally containing 1 heteroatom, said cyclic group is fused to an aryl group at the beta and 
gamma position to the Y adjacent to V; or 

together Z and W are connected via an additional 3-5 atoms to form a cyclic group, 
optionally containing one heteroatom, and V must be aryl, substituted aryL, heteroaryl, or 
substituted heteroaryl; or 

W and W are independently selected from the group of -H, alkyl, aralkyl, alicyclic, aryl, 
substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl and 1-alkynyl and -R 9 ; or 

together W and W are connected via an additional 2-5 atoms to form a cyclic group, 
optionally containing 0-2 heteroatoms, and V must be aryl, substituted aryl, heteroaryl, or 
substituted heteroaryl; 

b) V 2 , W 2 and W" are independently selected from the group of -H, alkyl, aralkyl, alicyclic, 
aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, and 1-alkynyl; 

Z 2 is selected from the group of -CHR 2 OH, -CHR 2 OC(0)R 3 9 -CHR 2 OC(S)R 3 , 
-CHR 2 OCOp* 3 , -CHR 2 OC(0)SR 3 9 -CHR 2 OC(S)OR 3 , -CH(aiyl)OH, -CH(CH<^ 2 2 )OH, 
-CH(OCR 2 )OH, -SR 2 7 -CHaNHaiyJ, -CH 2 aryl; or 

together V 2 and Z 2 are connected via an additional 3-5 atoms to form a cyclic group 
containing 5-7 ring atoms, optionally containing 1 heteroatom, and substituted with hydroxy, 
acyloxy, alkyleneoxycarbonyloxy, or aiyloxycaibonyloxy attached to a carbon atom that is three 
atoms from a Y attached to phosphorus; 

c) Z 7 is selected from the group of -OH, -OC(0)R 3 , -OCO2R 3 , and 
-OC(0)SR 3 ; 

D is -H; 
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D" is selected from the group of-H, alkyl, -OR 2 , -OH, and -OC(0)R 3 ; 
each W 3 is independently selected from the group consisting of-H, alkyl, aralkyl., 
alicyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl, l-alkenyl, and 1-alkynyi; 
p is an integer 2 or 3; 
with the provisos that: 

a) V, Z, W, W* are not all -H and V 2 , Z 2 9 W 2 , W" are not all -H ; and 

R 2 is selected from the group consisting of R 3 and -H; 

R 3 is selected from the group consisting of alkyl, aryl, alicyclic, and aralkyl; 

each R 4 is independently selected from the group consisting of -H, alkylene, -alkylenearyl 
and aryl, or together R 4 and R 4 are connected via 2-6 atoms, optionally including one heteroatom 
selected from the group consisting of O f N, and S; 

R 6 is selected from the group consisting of -H, lower alkyl, acyloxyalkyl, aryl, aralkyl, 
alkyloxycarbonyloxyalkyl, and lower acyl, or together with R 12 is connected via 1-4 carbon 
atoms to form a cyclic group; 

R 7 is lower R 3 ; 

each R 9 is independently selected from the group consisting of-H, alkyl, aralkyl, and 
alicyclic, or together R 9 and R 9 form a cyclic alkyl group; 

R 11 is selected from the group consisting of alkyl, aryl, -NR 2 2> and -OR 2 ; and 

each R 12 and R 13 is independently selected from the group consisting of H, lower alkyl, 
lower aryl, lower aralkyl, all optionally substituted, or R u and R 13 together are connected via a 
chain of 2-6 atoms, optionally including 1 heteroatom selected from the group consisting of O a 
N, and S, to form a cyclic group; 

each R 14 is independently selected from the group consisting of -OR 17 , -N(R 17 )2, 
-NHR 17 , -SR 17 , and-NR 2 OR 20 ; 

R 15 is selected from the group consisting of-H, lower aralkyl, lower aryl, lower aralkyl, 
or together with R 16 is connected via 2-6 atoms, optionally including 1 heteroatom selected from 
the group consisting of O, N, and S; 

R ie is selected from the group consisting of-(CR 12 R 13 )n-C(0)-R 14 , -H, lower alkyl, lower 
aryl, lower aralkyl, or together with R 15 is connected via 2-6 atoms, optionally including 1 
heteroatom selected from the group consisting of O, N, and S; 
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each R 17 is independently selected from the group consisting of lower alkyl, lower aryl, 
and lower aralkyl, or together R 17 and R 17 on N is connected via 2-6 atoms, optionally including 
1 heteroatom selected from the group consisting of O, N, and S; 

R 18 is selected from the group consisting of-H and lower R 3 ; 

R 19 is selected from the group consisting of -H, and lower acyl; 

R 20 is selected from the group consisting of-H, lower R 3 , and -C(0)-(lower R 3 ); 

n is an integer from 1 to 3; 

with the provisos that: 

1) when X 3 , X 4 , or X 5 is N. then the respective J 3 , J 4 , or J 5 is null; 

2) when L is substituted fiiranyl, then at least one of J 2 , J 3 , J 4 , and J 5 is not -H or 
null; 

3) when L is not substituted furanyl, then at least two of J 2 , J 3 , J 4 , and J 5 on formula 
1(a) or J 2 , J 3 , J 4 , J 5 , and J* on formula 1(b) are not -H or null; 

4) when G\ G 3 , or G 4 is O or S, then the respective j\ J 3 , or J 4 is null; 

5) when G 3 or G 4 is N, then the respective J 3 or J 4 is not halogen or a group directly 
bonded to G 3 or G 4 via a heteroatom; 

6) if both Y groups are -NR 6 -, and R 1 and R 1 are not connected to form a cyclic 
phosphoramidate, then at least one R 1 is »(CR l2 R l3 )n-C(0)-R 14 ; 

7) when L is -alkylenecarbonylamino- or -aDcyleneaminocarbonyl-, then X 3 , X 4 , and 
X 5 are not all C; 

8) when L is -alkeneoxyalkylene-, and X 3 , X 4 , and X 5 are all C, then neither J 3 nor J 3 
can be substituted with an acylated amine; 

9) when R 5 is substituted phenyl, then J 3 , J 4 , and J 5 is not purinyl, purinylalkylene, 
deaza-purinyl, or deazapurinylalkylene; 

10) R l can be selected from the lower alkyl only when the other YR 1 is 
-NR 6 -C(R 12 R ,3 )n-C(0>R 14 ; 

1 1) when R s is substituted phenyl and L is 1 ,2-ethynyl, then J 3 or J 5 is not a 
heterocyclic group; 

12) when L is 1 ,2-ethynyl, then X 3 or X 5 cannot be N; 
and pharmaceutical^ acceptable prodrugs and salts thereof; 
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13) when R 5 is substituted phenyl and L is -alkyleneoxycarbonyl-, then J 3 or J 3 is not 
O-aryl; 

14) when R 5 is substituted phenyl and L is 1,2-efhynyl, then at least one of J 2 , J 3 , J 4 , 
J 5 , and J* is not H or null. 

2. The compounds of claim 1 wherein R 5 is selected from die group consisting of 
substituted phenyl, substituted pyrrolyl, substituted oxazolyl, substituted thiazolyl, substituted 
isothiazoly], substituted pyrazolyl, substituted isoxazolyi, substituted pyridinyl, substituted 
thienyJ, substituted fiiranyl, substituted pyrimidinyl, and substituted pyridazinyl. 

3. The compounds of claim 1 with the further proviso that when L is 
-alkyleneoxyalkylene-, and R 5 is substituted thienyl, substituted fiiranyl, or substituted phenyl, 
then J 3 , J 4 , or J 5 is not halo or alkenyL 

4. The compounds of claim 1 with the further proviso that when L is 
-alkyleneoxyalkylene-, then R 5 is not substituted thienyl, substituted furanyl, or substituted 
phenyl. 

5. The compounds of claim 1 with the further proviso that when L is 
-alkyleneoxycarbonyl-, and X\ X 4 , and X 5 are all C, then neither J 2 nor J 6 is a group attached 
through a nitrogen atom. 

6. The compounds of claim 1 with the further proviso that when L is 
-alkyleneoxyalkylene- or -alkyleneoxycarbonyl-, then R 5 is not substituted phenyl 

7. (Removed from consideration by Examiner) 

8. The compounds of claim 1 wherein R 5 is a compound of formula 1(b): 



6 

SDIUBJ tDBIN69983.01 



Received from < 858 720 2555 > at 5/27/03 6:25:24 PM [Eastern Daylight Time] 



27/05 2003 15:33 FAX 858 720 2555 



PAUL HASTINGS 



@041 




J 



1(b) 



9. 

of: 



10. 



11. 

of: - 



The compounds of claim 1 wherein L is selected from the group consisting 

i) 2,5-fiiranyl, 2,5-thienyl, 2,6-pyridyl, 2,5-oxazolyl, 5,2-oxazolyl, 2,4- 
oxazolyl, 4,2-oxazolyl, 2,4-imidazolyl, 2,6-pyrimidinyl, 2,6-pyrazinyl, 

1.3- phenyl; 

ii) 1,2-ethynyl; and 

iii) a linking group having 3 atoms measured by the fewest number of atoms 
connecting the carbon of the aromatic ring and the phosphorus atom and is 
selected from the group consisting of 
-alkylenecarbonylamino-, -alkyleneaminocarbonyl-, 
-alkyleneoxycarbonyl-, and -alkyleneoxyalkylene-. 

The compounds of claim 9 wherein L is selected from the group consisting of : 

i) 2,5-furanyl, 2,5-thienyl, 2,6-pyridyl, 2,5-oxazolyl, 5,2-oxasolyI, 

2.4- oxazolyl, 4,2-oxazolyI, 2,4-imidazolyl, 2,6-pyrimidinyl, 
2,6-pyrazmyl, 1,3-phenyl; and 

ii) 1,2-ethynyl. 

The compounds of claim 9 wherein L is selected from the group consisting 

i) 2,5-fUranyl, 2,6-pyridyl, 2,5-oxazolyl, 2,4-imidazolyl, 1,3-phenyl; 

ii) 1,2-ethynyl; and 



7 



Received from < 858 720 2555 > at 5/27/03 6:25:24 PM [Eastern Daylight Time] 



27/05 2003 15:34 FAX 858 720 2555 



PAUL HASTINGS 



@042 



iii) a linking group having 3 atoms measured by the fewest number of atoms 
connecting the carbon of the aromatic ring and the phosphorus atom and is 
selected from the group consisting of 
-methylenecarbonylamino-, -methyleneaminocarbonyl-, 
-methyleneoxycarbonyl-, and -methyleueoxymethylene- . 

12. The compounds of claim 1 1 wherein L is selected from the group consisting 

of 2 3 5-furaryl 5 methyleneoxycaibonyl, methyleneoxymethylene, and methyleneaminocarbonyi. 

13. The compounds of claim 12 wherein L is 2,5-furanyl. 

14. The compounds of claim 1 wherein X 4 and X 5 are C. 

15. The compounds of claim 1 wherein J 2 , J 3 , J\ J 5 , and J 6 are independently 
selected from the group consisting of-H, -NR 4 2 , -C(0)1SIR 4 2 5 -CO^ 3 , halo, -S0 2 NR 4 2j lower 
alkyl, lower alkenyL, lower alkynyl, lower perhaloalkyl, lower haloalkyl, lower aryl, lower 
alkylaryl, lower alkylene^OH, -OR 11 , -CR 2 2NR 4 2 , -CN, -C(S)NR 4 2 , -OR 2 , -SR 2 , -N 3 , -N0 2 , 
-NHC(S)NR 4 2 , -NR l8 C(0)R 2 and <:R 2 2 CR 

16. The compounds of claim 12 wherein J 2 , J 3 , J 4 , J 5 , and J° are 
independently selected from the group consisting of-H, -N0 2 , lower alkyl, lower alkylaryl, 
lower alkoxy, lower perhaloalkyl halo, -CH 2 NHR 4 , -C(0)NR 4 2 , -S(0) 2 NHR 4 , 

-OH, -NH 2 , and -NHC(0)R 2 . 

17. The compounds of claim 1, where both Y groups are -O. 

18. The compounds of claim 1, where both Y groups are — NR 6 -. 

19. The compounds of claim 1 where one Y is -NR 6 -, and one Y is -O-. 

20. The compounds of claim 1 wherein each YR 1 is -OH. 
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21. The compounds of claim 1 wherein R and R 

W 3 



together are 



Z' 




"D 



Z' is selected from the group of -OH, -OC(0)R 3 , -OCOjR 3 , and -OC(0)SR 3 ; 
Dis-H; 

D" is selected from the group of -H, alkyl, -OR 2 , -OH, and -OC(0)R 3 ; and 
each W 3 is independently selected from the group consisting of -H, alkyl, aralkyl, 
alicyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, and 1-alkynyl. 

22. The compounds of claim 1 wherein R 1 and R 1 together are 



V is selected from the group of aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkynyl 
and l-aUkenyl; 

Z is selected from the group of-CHR 2 OH , -CHR 2 OC(0)R 3 , -CHR 2 OC(S)R 3 , 
-CHR 2 OC(S)OR 3 , -CHR 2 OC(0)SR 3 , -CHR 2 OC02R 3 , -OR 2 , -SR 2 , -CHR 2 N 3 , -CH 2 aryl, 
-CH(aryl)OH, -CH(CH=CR 2 2 )OH, -CH(OsCR 2 )OH, -R 2 , -NR 2 2 , -OCOR 3 , -OCO2R 3 , -SCOR 3 , 
-SCOjR 3 , -NHCOR 2 , -NHCOiR 3 , -CH 2 NHaryl, -(CH 2 ) p -OR 19 . and -(CH 2 )p-SR 19 ; or 

together V and Z are connected via an additional 3-5 atoms to form a cyclic group, 
optionally containing 1 heteroatom, said cyclic group is fused to an aryl group at the beta and 
gamma position to the Y adjacent to V; or 



H 
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together Z and W are connected via an additional 3-5 atoms to form a cyclic group, 
optionally containing one heteroatom, and V must be aryl, substituted aryl, heteroaryl, or 
substituted heteroaryl; or 

W and W are independently selected from the group of -H, alkyl, aralkyi, alicyclic, aryl, 
substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl and 1-alkynyl and -R 9 ; or 

together W and W 5 are connected via an additional 2-5 atoms to form a cyclic group, 
optionally containing 0-2 heteroatoms, and V must be aryl, substituted aryl, heteroaryl, or 
substituted heteroaryl. 

23. The compounds of claim 1 wherein R l and R l together are 

V 2 



Z 2 - 
H 

v\r 

V 2 , W 2 and W" are independently selected from the group of-H, alkyl, aralkyi, alicyclic, 
aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, and 1-alkynyl; 

Z 2 is selected from the group of -CHR 2 OH, -CHR 2 OC(0)R 3 , -CHR 2 OC(S)R 3 , 
-CHR 2 OC02R 3 , -CHR 2 OC(0)SR 3 , -CHR 2 OC(S)OR 3 f -CH(aiyl)OH, -CH(CH=GR 2 2 )OH, 
-CH(GsCR 2 )OH, -SR\ -CHsNHaryl, -CH 2 aryl; or 

together V 2 and Z 2 are connected via an additional 3-5 atoms to forni a cyclic group 
containing 5-7 ring atoms, optionally containing 1 heteroatom, and substituted with hydroxy, 
acyloxy, alkyleneoxycarbonyloxy, or aryloxycarbonyloxy attached to a carbon atom that is three 
atoms from a Y attached to phosphorus. 

24. The compounds of claim 1 wherein when both Y groups are -0-, then R 1 attached 
to -O- is optionally substituted aryL 
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25. The compounds of claim 1 wherein when both Y groups are -0-, then R is 
independently selected from the group consisting of optionally substituted aralkyl. 

26. The compounds of claim 1 wherein both Y groups are -0-> and at least one R 1 is 
selected from the group consisting of -C(R 2 >2-OC(0)R 3 , and -C(RVOC(0)OR 3 . 

27- The compounds of claim 1 wherein at least one Y is -O-, and together R 1 and R 1 

are 




wherein 

a) V is selected from the group of aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1- 
alkynyl and 1-alkenyl; 

Z is selected from the group of -CHR*OH , -CHR 2 OC(0)R 3 , -CHR 2 OC(S)R 3 , 
-CHR 2 OC(S)OR 3 , -CHR 2 OC(0)SR 3 , -CHR 2 OCQzR 3 , -OR 2 , -SR 2 , -CHR 2 ^, -CH 2 aryl, 
-CH(aryl)OH, -CH(CH=CR 2 2 )OH, -CH(OCR 2 )OH, -R 2 , -NR 2 2 , -OCOR 3 , -OCO2R 3 , -SCOR 3 , 
-SCO2R 3 , -NHCOR*, -NHC02R 3 , -CHiNHaryl, -(CHj^-OR 19 , and -(CH2VSR 1 *; or 

together V and Z are connected via an additional 3-5 atoms to form a cyclic group, 
optionally containing 1 heteroatom, said cyclic group is fused to an aryl group at the beta and 
gamma position to the Y adjacent to V; or 

together Z and W are connected via an additional 3-5 atoms to form a cyclic group, 
optionally containing one heteroatom, and V must be aryl, substituted aryl, heteroaryl, or 
substituted Iieteroaiyl; or 
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W and W are independently selected from the group of -H, alkyl, aralkyl, alicyclic, aryl, 
substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl and 1-alkynyl and -R 9 ; or 

together W and W are connected via an additional 2-5 atoms to form a cyclic group, 
optionally containing 0-2 heteroatoms, and V must be aryL, substituted aryl, heteroaryl, or 
substituted heteroaryl; 

b) V 2 , W 2 and W" are independently selected from the group of-H, alkyl, aralkyl, alicyclic, 
aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, and 1-alkynyl; 

Z 2 is selected from the group of -CHR 2 OH > -CHR 2 OC(0)R 3 , -CHR 2 OC(S)R 3 , 
-CHR 2 OCO*R 3 9 -CHR 2 0C(0)SR 3 , -CHR 2 OC(S)OR 3 , -CH(aryl)OH, -CH(CH=CR 2 2)0H, 
-CH(OCR 2 )OH, -SR 2 , -CH2NHaryl, -CH 2 aryl; or 

together V and Z are connected via an additional 3-5 atoms to form a cyclic group 
containing 5-7 ring atoms, optionally containing 1 heteroatom, and substituted with hydroxy, 
acyloxy, alkyleneoxycarbonyloxy, or aryloxycarbonyloxy attached to a carbon atom that is three 
atoms from a Y attached to phosphorus; 

c) V is selected from the group of -OH, -OC(0)R 3 , -OCO2R 3 , and 
-OC(0)SR 3 ; 

D is-H; 

D" is selected from the group of-H, alkyl, -OR 2 , -OH, and -OC(0)R 3 ; 
each W 3 is independently selected from the group consisting of -H 7 alkyl, aralkyl, 
alicyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, and 1-alkynyl; 
p is an integer 2 or 3; 
with the provisos that; 

a) V, Z, W, W are not all -H and V 2 , Z 2 , W 2 , W are not all -H ; and 

b) both Y groups are not -NR 6 s 

R 2 is selected from the group consisting of R 3 and -H; 

R 3 is selected from the group consisting of alkyl, aryl, alicyclic, and aralkyl; 

R 6 is selected from the group consisting of -H> and lower alkyl. 
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28. The compounds of claim 1 wherein one Y is -O-, and R 1 is optionally substituted 
aryl; and the other Y is -NR 6 -, where R 1 attached to said -NR 6 - is selected from the group 
consisting of -C(R 4 ) 2 C(0)OR 3 , and -C(R 2 )iC(0)OR 3 . 

29. The compounds of claim 1 wherein 

J 2 , f, J 4 , J 5 , and J 6 are independently selected from the group consisting of -H, 
-NR 4 2 , -CONR 4 2 , -CQzR 3 , halo, -SCfcNR 4 ^ lower alkyl, lower alkenyl, lower alkylenearyl, lower 
alkynyl, lower perhaloalkyl, lower haloalkyl, lower aryl, lower alkylene-OH, -OR 11 , -CR 2 iNR 4 2> 
-CN, -C(S)NR 4 2 , -OR 2 , -SR 2 , -N 3 , -N0 2) -NHC(S)NR 4 2 , -NR 18 COR 2 , -CR 2 2 CN; 

L is selected from the group consisting of 

i) 2,5-furanyl, 2,5-thienyl, 1,3-phenyl, 2,6-pyridyl, 2,5-oxazolyl, 5,2- 
oxazolyl, 2,4-oxazolyl, 4,2-oxazolyl, 2,4-imidazolyl, 2,6-pyrimidinyl, 
2,6-pyrazinyl; 

ii) 1,2-ethynyl; and 

iii) a linking group having 3 atoms measured by the fewest number of atoms 
connecting the carbon of the aromatic ring and the phosphorus atom and is 
selected from the group consisting of alkylenecarbonylamino-, 
-alkyleneaminocarbonyl-, -alkylcneoxycarbonyl-, and 
-alkyleneoxyalkylene-; 

when both Y groups are -O-, then R 1 is independently selected from the group consisting 
of optionally substituted aryl, optionally substituted benzyl, -C(R 2 >20C(0)R 3 , 
-C(R 2 ) 2 OC(O)0R 3 , and -H; or 

when one Y is -O-, then R 1 attached to -O- is optionally substituted aryl; and 
the other Y is -NR 6 -, then R 1 attached to -NR 6 - is selected from the group consisting of 
-C(R 4 )2C(0)OR 3 , and -C(R 2 ) 2 C(0)OR 3 ; or 

when Y is -O- or -NR 6 -, then together R l and R 1 are 
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wherein 

a) V is selected from the group of aryl, substituted aryL> heteroaryl, substituted heteroaryl, 
1-alkynyl and 1-alkenyl; 

Z is selected from the group of-CHR 2 OH , -CHR 2 OC(0)R 3 , -CHR 2 OC(S)R 3 , 
-CHR 2 OC(S)OR 3 , -CHR 2 OC(0)SR\ -CHR 2 OCQ2R 3 , -OR 2 , -SR 2 , -CHR 2 Nj, -CH 2 aryI, 
-CH(aryl)OH, -CH(OT=CR 2 2 )OH, -CH(CsCR 2 )OH, -R 2 , -NR 2 2 , -OCOR 3 , -OC02R 3 9 -SCOR 3 , 
-SCQ2R 3 , -NHCOR 2 , -NHCO3R 3 , -CH 2 NHaiyl, -(CH 2 )p-OR 19 , and -(CH 2 )p-SR 19 ; or 

together V and Z are connected via an additional 3-5 atoms to form a cyclic group, 
optionally containing 1 heteroatom, said cyclic group is fused to an aryl group at the beta and 
gamma position to the Y adjacent to V; or 

together Z and W are connected via an additional 3-5 atoms to form a cyclic group, 
optionally containing one heteroatom, and V must be aryl, substituted aryl, heteroaryl, or 
substituted heteroaryl; or 

W and W are independently selected from the group of -H, alkyl, aralkyl, alicyclic, aryl, 
substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl and 1-alkynyl and -R 9 ; or 

together W and W are connected via an additional 2-5 atoms to form a cyclic group, 
optionally containing 0-2 heteroatoms, and V must be aryl, substituted aryl, heteroaryl, or 
substituted heteroaryl; 

b) V 2 , W 2 and W" are independently selected from the group of -H, alkyl, aralkyl, alicyclic, 
aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, and 1-alkynyl; 

Z 2 is selected from the group of -CHR 2 OH, -CHR 2 OC(0)R 3 , -CHR 2 OC(S)R 3 , 
-CHR 2 OC0 2 R 3 , -CHR 2 OC(0)SR\ -CHR 2 OC(S)OR 3 , -CH(aryI)OH, -CH(CH=CR 2 2 )OH > 
-CH(C=CR 2 )OH, -SR 2 , -CHzNHaryl. -CH 2 aryl; r 
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together V 2 and Z 2 are connected via an additional 3-5 atoms to form a cyclic group 
containing 5-7 ring atoms, optionally containing 1 heteroatom, and substituted with hydroxy, 
acyloxy « alkyleneoxycarbonyloxy, or aryloxycarbonyloxy attached to a carbon atom that is three 
atoms from a Y attached to phosphorus; 

c) Z* is selected from the group of -OH, -OC(0)R 3 > -OCQzR 3 , and 
-OC(0)SR 3 ; 

D'is-H; 

D" is selected from the group of -H, alkyl, -OR 2 , -OH, and -OC(0)R 3 ; 
each W 3 is independently selected from the group consisting of -H, alkyl, aralkyl, 
alicyclic, aryl, substituted aryl, hcteroaryl, substituted heteroaiyl, 1-alkenyl and l«alkynyl; 
p is an integer 2 or 3; 
with the provisos that: 

a) V, Z, W, W* are not all -H and V 2 , Z 2 , W 2 , W" are not all-H ; and 
alicyclic; and 

b) both Y groups are not -NR 6 -; 

R 2 is selected from the group consisting of R 3 and -H; 

R 3 is selected from the group consisting of alkyL, aryl, alicyclic, and aralkyl; 

R 6 is selected from the group consisting of -H, and lower alkyl. 

30. (Amended) The compounds of claim 2 wherein R 5 is substituted phenyl; 

L is furan-2,5-diyi; J 2 , J 3 , J 4 , J 3 , and J 6 are independently selected from the group 
consisting of -OR 3 , -SQ2NHR 4 , -CN,-H, halo, -NR 4 2j -(CH 2 ) 2 aryl, -(CH 2 )NHaryl, and 
-NO2; at least one Y group is -0-- 

3 1. The compounds of claim 1 wherein 

one Y is -NR 6 -, and R 1 attached to it is -{CR l2 R 13 V<XO>R ,4 l , then the other YR 1 is selected 
from the group consisting of-NR l5 R 16 , -OR 7 , and NR 6 -(CR 12 R 13 )n-C(0)-R 14 , 

32. The compounds of claim 3 1 wherein the other YR 1 is -OR 7 . 

33. The compounds of claim 1 that are of the formula: 
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R 



16 



R 14 — C(O) 



-(CR 12 R 13 )h- 



-N- 



34. (Once Amended) A method of treating complications of diabetes or cardiovascular 
diseases in an animal which comprises administering to an animal suffering from 
complications of diabetes or cardiovascular diseases a phannaceutically effective amount 
of a compound of formula (I): 



R 1 Y — P L- 



YR 



0) 

wherein R s is selected from the group consisting of: 




and 



1(a) 



1(b) 



wherein: 

G 2 is selected from the group consisting of C, and S; 

G 3 and G 4 are independently selected from the group consisting of C, N, O, and S; 
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wherein a) not more than one of G 2 , G 3 , and G 4 may be O, or S; b) when G 2 is O or S, not 
more than one of G 3 and G 4 is N; c) at least one of G 2 > G\ and G 4 is C; and d) G 2 > G 3 , and G 4 are 
not all C; 

X 3 , X 4 , and X 5 are independently selected from the group consisting of C and N, wherein 
no more than two of X 3 , X 4 , and X 5 may be N; 

J 2 , J\ J 4 , J 5 , and J 6 are independently selected from the group consisting of -H, 
-NR 4 2 , -CONR 4 2 , -C0 2 R 3 , halo, -S(0)2NR 4 2 , -S(0)R 3 , -SQjR 3 , alky; alkenyl, alkynyl, 
alkylenearyl, perhaloalkyl, haloalkyl, axyl, heteroaryl, alkylene-OH, -C(0)R n , -OR 11 , 
-alkyleue-NR 4 2> -alkylene-CN, -CN, -C(S)NR 4 2 , -OR 2 , -SR 2 , ^N 3s -NOa, -NHC(S)NR 4 2 , and 
-NR^COR*; 

L is selected from the group consisting of: 

i) a linking group having 2-4 atoms measured by the fewest number of atoms connecting 
the carbon of the aromatic ring and the phosphorus atom and is selected from the group 
consisting of -fuianyl-, -thienyK -pyridyl-, -oxazolyl-, -imidazolyl-, -phenyl-, 
-pyrhnidinyl-, -pyraziuyl-, and -alkynyl-, all of which may be optionally substituted; and 

ii) a linkin g group having 3-4 atoms measured by the fewest number of atoms 
connecting the carbon of the aromatic ring and the phosphorus atom and is selected from the 
group consisting of-alkylenecarbonylamino-, -alkyleneaminocarbonyl-, -alkyleneoxycarbonyl-, 
-alkyleneoxy-, -alkylenetbio-, -alkylenecarbonyloxy-, -alkylene-S(0>, -alkyIene-S(0)2-, and 
-alkyleneoxyalkylene-, all of which may be optionally substituted; 

Y is independently selected from the group consisting of -0-, and -NR 6 -; 

when Y is -0- 9 then R 1 attached to -O- is independently selected from the group 
consisting of -H, alkyl, optionally substituted aryl, optionally substituted alicyclic where the 
cyclic moiety contains a carbonate or thiocarbonate, optionally substituted arylalkylene-, 
-C(R 2 ) 2 OC(0)NR 2 2 , -NR 2 -C(0)-R 3 , -C(R 2 ) 2 -OC(0)R 3 , -C(R 2 )2-0-C(0)OR 3 , 
-C(R 2 )20C(O)SR 3 , -alkylene-S-C(0)R 3 , -alkylene-S-S-alkylenehydroxy, and 
-alkylene-S-S-S-alkylenehydroxy, 

when one Y is -NR 6 -, and R 1 attached to it is ^Ot 12 R l3 )n-C(0)-R 14 , then the other YR 1 
is selected from the group consisting of-NR 15 R 16 , -OR 7 , and NR 6 -(CR 12 R 13 )n-C(0)-R 14 ; 

or when either Y is independently selected from -O- and -NR 6 -, then together R 1 and R 1 
are -alkylene-S-S-alkylene- to form a cyclic group, r together R 1 and R 1 are 
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a) V is selected from the group of aryl, substituted aiyl, heteroaryl, substituted heteroaryl, 1- 
alkyny] and l-alkenyl; 

Z is selected from the group of -CHR 2 OH , -CHR 2 OC(0)R 3 , -CHR 2 OC(S)R 3 , 
<m 2 OC(S)OR\ -CHR 2 OC(0)SR 3 , -CHR 2 OCC>2R\ -OR 2 , -SR 2 , -CHR 2 N 3 , -CH 2 aryl, 
-CH(aryl)OH, -CH(CH=CR 2 2 )OH, -CH(C^GR 2 )OH, -R 2 , -NR 2 2 , -OCOR 3 , -OCOjR 3 , -SCOR 3 , 
-SCQ2R 3 , -NHCOR 2 , -NHCC^R 3 , -CH 2 NHaryl, -(C^-OR 19 , and -(CH 2 )p-SR 19 ; or 

together V and Z are connected via an additional 3-5 atoms to form a cyclic group, 
optionally containing 1 heteroatom, said cyclic group is fused to an aryl group at the beta and 
gamma position to the Y adjacent to V; or 

together Z and W are connected via an additional 3-5 atoms to form a cyclic group, 
optionally containing one heteroatom, and V must be aryl, substituted aryl, heteroaryl, or 
substituted heteroaryl; or 

Ward Ware independently selected from the group of -H, alkyl, aralkyl, alicyclic, aryl, 
substituted aryl, heteroaryl, substituted heteroaryl, l-alkenyl and 1-alkynyl and -R 9 ; or 

together W and W are connected via an additional 2-5 atoms to form a cyclic group, 
optionally containing 0-2 heteroatoms, and V must be aryl, substituted aryl, heteroaryl, or 
substituted heteroaryl; 

b) V 2 , W 2 and W" are independently selected from the group of -H s alkyl, aralkyl, alicyclic, 
aryl, substituted aryl, heteroaryl, substituted heteroaryl, l-alkenyl, and 1-alkynyl; 
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Z 2 is selected fiom the group of -CHR 2 OH, -CHR 2 OC(0)R 3 , -CHR 2 OC(S)R 3 , 
-CH^OCOzR 3 , -CHR 2 OC(0)SR 3 , -CHR 2 OC(S)OR 3 , -CH(aiyi)OH, -CH(CH=CR 2 2)OH, 
-CH(OCR 2 )OH, -SR 2 , -OfcNHaryl, -CH 2 aryl; or 

together V 2 and Z 2 are connected via an additional 3-5 atoms to form a cyclic group 
containing 5-7 ring atoms, optionally containing 1 heteroatom, and substituted with hydroxy, 
acyioxy, alkyleneoxycarbonyloxy, or aryloxycaxbonyloxy attached to a carbon atom that is three 
atoms from a Y attached to phosphorus; 

c) 7J is selected from the group of -OH, -OC(0)R 3 , -OCO2R 3 , and 
-OC(0)SR 3 ; 

D is -H; 

D" is selected from the group of -H, alkyl, -OR 2 , -OH, and -OC(0)R 3 ; 
each W 3 is independently selected from the group consisting of -H, alkyl, aralkyl, 
alicyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, and 1-alkynyl; 
p is an integer 2 or 3; 
with the provisos that: 

a) V, Z, W, W are not all -H and V 2 , Z 2 , W 2 , W" are not all -H ; and 

R 2 is selected from the group consisting of R 3 and -H; 

R is selected from the group consisting of alkyl, aryl, alicyclic, and aralkyl; 

each R 4 is independently selected from the group consisting of -H, alkylene, -alkylenearyl 
and aryl, or together R 4 and R 4 are connected via 2-6 atoms, optionally including one heteroatom 
selected from the group consisting of O, N, and S; 

R 6 is selected from the group consisting of -H, lower alkyl, acyloxyalkyl, aryl, aralkyl, 
alkyloxycarbonyloxyalkyl, and lower acyl, or together with R 12 is connected via 1-4 carbon 
atoms to form a cyclic group; 

R 7 is lower R 3 ; 

each R 9 is independently selected from the group consisting of -H, alkyl, aralkyl, and 

alicyclic, or together R 9 and R 9 form a cyclic alkyl group; 

R 11 is selected from the group consisting of alkyl, aryl, -NR 2 2 , and -OR 2 ; and 

each R 12 and R 13 is independently selected from the group consisting of H, lower alkyl, 

lower aryl, lower aralkyl, all optionally substituted, or R 12 and R 13 together are connected via a 

19 



Received from < 858 720 2555 > at 5/27/03 6:25:24 PM [Eastern Daylight Time] 



27/05 2003 15:37 FAX 858 720 2555 



PAUL HASTINGS 



@ 054 



chain of 2-6 atoms, optionally including 1 heteroatom selected from the group consisting of O, 
N, and S, to form a cyclic group; 

each R 14 is independently selected from the group consisting of -OR 17 , -N(R I7 )2, 
-NHR l7 ,-SR 17 , and-NR 2 OR 20 ; 

R 15 is selected from the group consisting of-H» lower aralkyl, lower aryl, lower aralkyl, 
or together with R 16 is connected via 2-6 atoms, optionally including 1 heteroatom selected from 
the group consisting of O, N, and S; 

R 16 is selected from the group consisting of-(CR 12 R 13 )n-C(0)-R 14 7 -H 7 lower alkyl, lower 
aryl, lower aralkyl, or together with R 15 is connected via 2-6 atoms, optionally including 1 
heteroatom selected from the group consisting of O, N, and S; 

each R 17 is independently selected from the group consisting of lower alkyl, lower aryl, 
and lower aralkyl, or together R lT and R 17 on N is connected via 2-6 atoms, optionally including 
1 heteroatom selected from the group consisting of O, N, and S; 

R 18 is selected from the group consisting of -H and lower R 3 ; 

R 10 is selected from the group consisting of -H, and lower aoyl; 

R. is selected from the group consisting of — H, lower R , and -C(0)-(lower R ); 

n is an integer from 1 to 3; 

with the provisos that: 

1) when X 3 , X 4 , or X 5 is N, then the respective J 3 , J 4 , or J 5 is null; 

2) when G 2 , G 3 , or G 4 is O or S, then the respective J 2 , J 3 , or J 4 is null; 

3) when G 3 or G 4 is N, then the respective J 3 or J 4 is not halogen or a group directly 
bonded to G 3 or G 4 via a heteroatom; 

4) if both Y groups are -NR 6 -, and R 1 and R 1 are not connected to form a cyclic 
phosphoramidate, then at least one R 1 is -{CR^R^VC^-R 14 ; 

5) R l can be selected from the lower alkyl only when the other YR l is 
-NR 6 -C(R 12 R 13 )n-C(0>R 14 ; 

and phamiaceiiticaUy acceptable prodrugs and salts thereof. 

35. A method of treating diabetes, by administering to patient in need thereof a 
pharmaceutically effective amount of an FBPase inhibitor of Formula I: 
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R 1 Y- 



YR 1 



wherein R is selected from the group consisting of: 



.j 4 



j 2 
i 




and 



1(a) 



1(b) 



wherein: 

G 2 is selected from the group consisting of C, O, and S; 

G 3 and G 4 are independently selected from the group consisting of C, N, O, and S; 

wherein a) not more than one of G 2 , G 3 , and G 4 may be O, or S; b) when G 2 is O or S, not 
more than one of G 3 and G 4 is N; c) at least one of G 2 , G 3 , and G 4 is C; and d) G 2 , G 3 , and G 4 are 
not all C; 

X 3 , X 4 , and X 5 are independently selected from the group consisting of C and N, wherein 
no more than two of X 3 , X 4 , and X 5 may be N; 

J 2 , J J , J 4 , J 5 , and J 6 are independently selected from the group consisting of -H, 
-NR 4 2 , -CONR 4 2 , -COzR 3 , halo, -S(0) 2 NR 4 2 ) -S(0)R\ -SQ^R 3 , alkyl, alkenyl, alkynyl, 
alkylenearyl, perhaloalkyl, haloalkyl, aryl, heteroaryL, alkylene-OH, -C(0)R !1 , -OR 11 , 
-alkylene-NR 4 2> -alkylene-CN, -CN, -C(S)NR 4 2 , -OR 2 , -SR 2 , -N 3 , -N0 2 , -NHC(S)NR 4 2 , and 
-NR l8 COR 2 ; 

L is selected from the group consisting of: 
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i) a linking group having 2-4 atoms measured by the fewest number of atoms connecting 
the carbon of the aromatic ring and the phosphorus atom and is selected from the group 
consisting of-furanyl-, -thienyl-, -pyridyl-, -oxazolyl-, -imidazolyl-, -phenyl-, , 
-pyrimidinyl-, -pyrazinyl-, and -alkynyl-, all of which maybe optionally substituted; and 

ii) a linking group having 3-4 atoms measured by the fewest number of atoms 
connecting the carbon of the aromatic ring and the phosphorus atom and is selected from the 
group consisting of -alkylenecarbonylamino-, -alkyleneaminocaibonyl-, -alkyleneoxycarbonyl-, 
-alkyleneoxy-, -aDcylenethio-, -alkylenecarbonyloxy-, -alkylene-S(O)-, -alkylene-S(0)2-> and 
-alkyleneoxyalkylene-, all of which may be optionally substituted; 

Y is independently selected from the group consisting of -O-, and -NR 6 -; 

when Y is -O-, then R 1 attached to -O- is independently selected from the group 
consisting of -H, alkyl, optionally substituted aryl, optionally substituted alicyclic where the 
cyclic moiety contains a carbonate or thiocarbonate, optionally substituted arylalkylene-, 
-C(R 2 )20C(0)NR 2 2, -NR 2 -C(0)-R 3 , -C(R 2 ) 2 -OC(0)R 3 , -C(R 2 >z-0-C(0)OR 3 , 
-C(R 2 ) 2 OC(0)SR 3 > -alkylene-S-C(0)R 3 , -alkylene-S-S-alkylenehydroxy, and 
-alkylene-S-S-S-alkylenehydroxy, 

when one Y is -NR 6 -, and R 1 attached to it is -{CR^R 1 VC(0)-R 14 , then the other YR l 
is selected from the group consisting of-NR 15 R 16 , OR 7 , andNR 6 -(CR 12 R 13 )n-C(0)-R 14 ; 

or when either Y is independently selected from -O- and -NR 6 -, then together R 1 and R 1 
are -alkylene-S-S-alkylene- to form a cyclic group, or together R 1 and R 1 are 



V V 2 W 3 




wherein 

a) V is selected from the group of aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1- 
alkynyl and 1-alkenyl; 
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Z is selected from the group of-CHR 2 OH , -CHR 2 OC(0)R 3 , -CHR 2 OC(S)R\ 
-CHR 2 OC(S)OR 3 , -CHR 2 OC(0)SR 3 , -CHR 2 OC02R 3 , -OR 2 , -SR 2 , -CHR 2 N 3 , -CH 2 aiyl, 
-CH(aiyl)OH, -CH(CH=CR 2 2 )OH, -CH(OCR 2 )OH, -R 2 , -NR 2 2 , -OCOR 3 , -OCC^R 3 , -SCOR 3 , 
-SCQ2R 3 , -NHCOR 2 , -NHCOiR 3 . -CH 2 NHaiyl -(CH 2 )p-OR 19 , and -(CH^-SR 19 ; or 

together V and Z are connected via an additional 3-5 atoms to form a cyclic group, 
optionally containing 1 heteroatom, said cyclic group is fused to an aryl group at the beta and 
gamma position to the Y adjacent to V; or 

together Z and W are connected via an additional 3-5 atoms to form a cyclic group, 
optionally containing one heteroatom, and V must be aryl, substituted aryl, heteroaryl, or 
substituted heteroaryl; or 

W and W are independently selected from the group of ~H, alkyl, aralleyl, allcyclic, aryl, 
substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl and 1-alkynyl and -R 9 ; or 

together W and W* are connected via an additional 2-5 atoms to form a cyclic group, 
optionally containing 0-2 heteroatoms, and V must be aiyl, substituted aryl, heteroaryl, or 
substituted heteroaryl; 

b) V 2 , W 2 and W" are independently selected from the group of -H, alkyl, aralkyl, alicyclic, 
aryl. substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, and 1-alkynyl; 

Z 2 is selected from the group of -CHR 2 OH, -CHR 2 OC(0)R 3 , -CHR 2 OC(S)R 3 , 
-CHR 2 OC0 2 R 3 , -CHR 2 OC(0)SR 3 , -CHR 2 OC(S)OR 3 , -CH(aryl)OH, -CH(CH=CR 2 2 )OH, 
~CH(OCR 2 )OH, -SR 2 , -CH 2 NHaryl, -CH 2 aryl; or 

together V 2 and Z 2 are connected via an additional 3-5 atoms to form a cyclic group 
containing 5-7 ring atoms, optionally containing 1 heteroatom, and substituted with hydroxy, 
acyloxy, alkyleneoxycarbonyloxy, or aryloxycaibonyloxy attached to a carbon atom that is three 
atoms from a Y attached to phosphorus; 

c) Z 9 is selected from the group of -OH, -OC(0)R 3 , -OC0 2 R 3 . and 
-OC(0)SR 3 ; 

D' is-H; 

D" is selected from the group of -H, alkyl, -OR 2 , -OH, and -OC(0)R 3 ; 
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eacb W 3 is independently selected from the group consisting of-H, alkyl, aralkyl, 
alicyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, and 1-alkynyl; 
p is an integer 2 or 3; 
with the provisos that: 

a) V, Z, W, W are not all-H and V 2 , Z 2 , W 2 , W" are not all -H ; and 

R 2 is selected from the group consisting of R 3 and -H; 

R 3 is selected from the group consisting of alkyl, aryl, alicyclic, and aralkyl; 

each R 4 is independently selected from the group consisting of-H, alkylene, -alkylenearyl 
and aryl, or together R 4 and R 4 are connected via 2-6 atoms, optionally including one heteroatom 
selected from the group consisting of O, N f and S; 

R 6 is selected from the group consisting of -H, lower alkyl, acyloxyalkyl, aryl, aralkyl, 
alkyloxycarbonyloxyalkyl, and lower acyl, or together with R 12 is connected via 1-4 caibon 
atoms to form a cyclic group; 

R 7 is lower R 3 ; 

each R ? is independently selected from the group consisting of-H, alkyl, aralkyl, and 
alicyclic, or together R 9 and R 9 form a cyclic alkyl group; 

R 11 is selected from the group consisting of alkyl, aryl, -NR 2 2 > and -OR 2 ; and 

each R 12 and R 13 is independently selected from the group consisting of H, lower alkyl, 
lower aryl, lower aralkyl, all optionally substituted, or R 12 and R 13 together are connected via a 
chain of 2-6 atoms, optionally including 1 heteroatom selected from the group consisting of 0 5 
N, and S, to form a cyclic group; 

each R 14 is independently selected from the group consisting of -OR 17 , -N(R 17 >2, 
-NHR 17 , -SR 17 , and -NR 2 OR 20 ; 

R 15 is selected from the group consisting of-H, lower aralkyl, lower aryl, lower aralkyl, 
or together with R 16 is connected via 2-6 atoms, optionally including 1 heteroatom selected from 
the group consisting of O, N, and S; 

R 16 is selected from the group consisting of -(CR 12 R 13 )n-C(0)-R 14 , -H, lower alkyl, lower 
aryl, lower aralkyl, or together with R 15 is connected via 2-6 atoms, optionally including 1 
heteroatom selected from the group consisting of O, N, and S; 
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each R 17 is independently selected from the group consisting of lower alkyl, lower aryl, 
and lower aralkyl, or together R 17 and R 17 on N is connected via 2-6 atoms, optionally including 
1 heteroatom selected from the group consisting of O, N, and S; 

R 18 is selected from the group consisting of -H and lower R 3 ; 

R 19 is selected from the group consisting of -H, and lower acyl; 

R 20 is selected from the group consisting of-H s lower R 3 , and -C(0)-(lower R 3 ); 

n is an integer from 1 to 3; 

with the provisos that: 

1) when X 3 , X 4 , or X 5 is N, then the respective J 3 , J 4 , or J 5 is null; 

2) when G 2 , G 3 , or G 4 is O or S, then the respective J 2 , J 3 , or J 4 is null; 

3) when G 3 or G 4 is N, then the respective J 3 or f is not halogen or a group directly 
bonded to G 3 or G 4 via a heteroatom; 

4) if both Y groups are -NR 6 -, and R 1 and R 1 are not connected to form a cyclic 
phosphoramidate, then at least one R 1 is -(C3R 12 R 13 )n-C(0)-R 14 ; 

5) R l can be selected from the lower alkyl only when the other YR 1 is 
-NR 6 -C(R l2 R 13 )n-C(0)-R 14 ; 

and phaimaceutically acceptable prodrugs and salts thereof. 

36. A method of treating glycogen storage diseases, by administering to a patient in 
need thereo f a pharmaceutical^ effective amount of an FBPase inhibitor of formula I: 



R 1 Y P L R : 



5 



YR 1 



(D 

wherein R 5 is selected from the group consisting of: 
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wherein: 

G 2 is selected from the group consisting of C» O, and S; 

G 3 and G 4 are independently selected from the group consisting of C, N, O, and S; 

wherein a) not more than one of G 2 , G 3 , and G 4 may be O, or S; b) when G 2 is O or S, not 
more than one of G 3 and G 4 is N; c) at least one of G 2 , G 3 , and G 4 is C; and d) G\ G 3 , and G 4 are 
not all C; 

X 3 , X 4 , and X 5 are independently selected from the group consisting of C and N, wherein 
no more than two of X 3 , X 4 , and X s may be N; 

J 2 , J 3 , J 4 , J 5 t and J 6 are independently selected from the group consisting of -H, 
~NR 4 2 , -CONR 4 2 , -CO2R 3 , halo, -S(0)2NR 4 2 , -S(0)R 3 f -S0 2 R 3 , alkyl, alkenyl, alkynyl, 
alkylenearyl, perhaloalkyl, haloalkyl, aryl, heteroaryl, alkylene-OH, -C(0)R u , -OR 11 , 
~alkylene-NR 4 2 , -alkylene-CN, -CN, -C(S)NR 4 2f -OR 2 , -SR 2 , -N 3 , -N0 2 , -NHC(S)NR 4 2 » and 
-NR l8 COR J ; 

L is selected from the group consisting of: 

i) a linking group having 2-4 atoms measured by the fewest number of atoms connecting 
the carbon of the aromatic ring and the phosphorus atom and is selected from the group 
consisting of-fiuanyl-, -thienyl-, -pyridyl-, -oxa2olyl-> -imidazolyl-, -phenyl-, 
-pyrimidinyK -i>yrazinyH and -alkynyl-, all of which may be optionally substituted; and 

ii) a linking group having 3-4 atoms measured by the fewest number of atoms 
connecting the carbon of the aromatic ring and the phosphorus atom and is selected from the 
group consisting of -alkylenecarbonylamino-, -alkyleneaininocarbonyl-, -alkyleneoxycarbonyK 

26 
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-alkyleneoxy-, -alkylenethi -alkylenecarbonyloxy-, -alkylene-S(O)-, -alkylene-S(0) 2 -, and 
-alkyleneox yalkylene-, all of which may be optionally substituted; 

Y is independently selected from the group consisting of -O, and -NR 6 -; 

when Y is -0-, then R l attached to -O- is independently selected from the group 
consisting of -H, alkyl, optionally substituted aryl, optionally substituted alicyclic where the 
cyclic moiety contains a carbonate or thiocarbonate, optionally substituted arylalkylene-, 
-C(R 2 )20C(0)NR 2 2, -NR 2 -C(0)-R 3 s -C(R 2 ) 2 -OC(0)R 3 , -C(RVO^(0)OR 3 , 
-C(R 2 )20C(O)SR 3 , -alkylene-S-C(0)R 3 5 -alkylene-S-S-alkylenehydroxy, and 
-alkylene-S-S-S-aBcylenehydroxy, 

when one Y is -NR 6 -, and R 1 attached to it is -(CR 12 R 13 VC(0)-R 14 , then the other YR l 
is selected from the group consisting of-NR 15 R 16 , -OR 7 , and NR^CR^R^^-C^-R 14 ; 

or when either Y is independently selected from -O- and -NR 6 -, then together R 1 and R 1 
are -alkylene-S-S-alkylene- to form a cychc group, or together R 1 and R 1 are 




wherein 

a) V is selected from the group of aryl, substituted aryL, heteroaryl, substituted heteroaryl, 1- 
alkynyl and 1-alkenyl; 

Z is selected from the group of-CHR 2 OH . -CHR 2 OC(0)R\ -CHR 2 OC(S)R 3 , 
-CHR 2 OC(S)OR 3 , -CHR 2 OC(0)SR\ -Cffi^OCOjR 3 , -OR 2 , -SR 2 , -CHR 2 N 3 , CH 2 aryl, 
-CH(aryl)OH, -CH(CH=CR 2 2 )OH, -CH(OCR 2 )OH, -R 2 1 -NR 2 2 , -OCOR 3 , -OCO>R 3 , -SCOR 3 , 
-SC0 2 R 3 , -NHCOR 2 , -NHCO2R 3 , -CH 2 NHaryl, -(CH 2 ) p -OR 19 , and -(CH 2 ) P -SR 19 ; or 

together V and Z are connected via an additional 3-5 atoms to form a cyclic group, 
optionally containing 1 heteroatom, said cyclic group is fused to an aryl group at the beta and 
gamma position to the Y adjacent to V; or 
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together Z and W are connected via an additional 3-5 atoms to form a cyclic group, 
optionally containing one heteroatom, and V must be aryl, substituted aryl, heteroaryl, or 
substituted heteroaryl; or 

W and W are independently selected fiom the group of-H, alkyl, aralkyl, alicyclic, aryl, 
substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl and 1-alkynyl and -R 9 ; or 

together W and W are connected via an additional 2-5 atoms to form a cyclic group, 
optionally containing 0-2 heteroatoms, and V must be aryl, substituted aryl, heteroaryl, or 
substituted heteroaryl; 

b) V 2 , W 2 and W" are independently selected from the group of -H, alkyl, aralkyl, alicyclic, 
aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, and 1-alkynyl; 

Z 1 is selected from the group of -CHR 2 OH, -CHR 2 OC(0)R\ -CHR 2 OC(S)R 3 , 
-CHR 2 OCOzR 3 , -CHR 2 OC(0)SR 3 , -CHR 2 OC(S)OR 3 , -CH(aiyl)OH, -CH(CH=CR 2 2 )OH, 
-CH(CM:R 2 )OH, -SR 2 , -CH z NHaryl, -CH 2 aryl; or 

together V 2 and Z 2 are connected via an additional 3-5 atoms to form a cyclic group 
containing 5-7 ring atoms, optionally containing 1 heteroatom, and substituted with hydroxy, 
acyloxy, alkyleneoxycarbonyloxy, or aryloxycarbonyloxy attached to a carbon atom that is three 
atoms from a Y attached to phosphorus; 

c) Z' is selected from the group of -OH, -OC(0)R 3 , -OCQ2R 3 , and 
-OC(0)SR 3 ; 

Dis-H; 

D" is selected from the group of-H, alkyl, -OR 2 , -OH, and -OC(0)R 3 ; 
each W 3 is independently selected from the group consisting of -H, alkyl, aralkyl, 
alicyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, and 1-alkynyl; 
p is an integer 2 or 3; 
with the provisos that: 

a) V, Z, W, W are not all -H and V 2 , Z 2 , W 2 , W" are not all -H ; and 

R 2 is selected from the group consisting of R 3 and -H; 

R 3 is selected from the group consisting of alkyl, aryl, alicyclic, and aralkyl; 
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each R 4 is independently selected from the group consisting of -H, alkylene, -alkylenearyl 
and aryl, or together R 4 and R 4 are connected via 2-6 atoms, optionally including one heteroatom 
selected from the group consisting of O, N, and S; 

R 6 is selected from the group consisting of-H, lower alkyl, acyloxyalkyl, aryl, aralkyl, 
alkyloxycarbonyloxyalkyl, and lower acyU or together with R 12 is connected via 1-4 caibon 
atoms to form a cyclic group; 

R 7 is lower R 3 ; 

each R 9 is independently selected from the group consisting of-H, alkyl, aralkyl, and 
alicyclic, or together R* and R 9 form a cyclic alkyl group; 

R 11 is selected from the group consisting of alkyl, aryl, -NR 2 2, and -OR 2 ; and 

each R 12 and R 13 is independently selected from the group consisting of H, lower alkyl, 
lower aryl, lower aralkyl, all optionally substituted, or R 12 and R 13 together are connected via a 
chain of 2-6 atoms, optionally including 1 heteroatom selected from the group consisting of O, 
N, and S, to form a cyclic group; 

each R 14 is independently selected from the group consisting of -OR ,-N(R )2, 
-NHR 17 , -SR 17 , and -NR 2 OR 20 ; 

R 15 is selected from the group consisting of -H, lower aralkyl, lower aryl, lower aralkyl, 
or together with R 16 is connected via 2-6 atoms, optionally including 1 heteroatom selected from 
the group consisting of O, N, and S; 

R 16 is selected from the group consisting of -(CR^R 1 Vc(0)-R 14 , -H, lower alkyl, lower 
aryl, lower aralkyl, or together with R 15 is connected via 2-6 atoms, optionally including 1 
heteroatom selected from the group consisting of O, N, and S; 

each R 17 is independently selected from the group consisting of lower alkyl, lower aryl, 
and lower aralkyl, or together R 17 and R 17 on N is connected via 2-6 atoms, optionally including 
1 heteroatom selected from the group consisting of O, N, and S; 

R 18 is selected from the group consisting of-H and lower R 3 ; 

R 19 is selected from the group consisting of-H, and lower acyl; 

R 20 is selected from the group consisting of-H, lower R 3 , and -C(0)-(Iower R 3 ); 

n is an integer from 1 to 3; 

with the provisos that: 

1) when X 3 , X 4 , or X 5 is N, then the respective J 3 , J 4 , or J 5 is null; 
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2) whenG\G 3 f or G 4 is O or S, then the respectiv J 2 , J 3 , or J 4 is null; 

3) when G 3 or G 4 is N, then the respective J 3 or J 4 is not halogen or a group directly 
bonded to G 3 or G 4 via a heteroatom; 

4) if both Y groups are -NR 6 -, and R 1 and R 1 are not connected to form a cyclic 
phosphoramidate, then at least one R 1 is -(CR 12 R 13 )n-C(0)-R 14 ; 

5) R l can be selected from the lower alkyl only when the other YR 1 is 
-NR^CR^^^-CCO^R 14 ; 

and pharmaceutical^ acceptable prodrugs and salts thereof. 
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2. Examiner's indefiniteness and lack of enablement rejections for the term ''prodrug'* in 
claims 1-6 and 8-36 of the '933 application. 

The Examiner indicated that be would give appropriate consideration to a declaration 
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the preparation of prodrugs is routine. The Examiner also indicated that he would consider any 
publications showing the successful preparation and testing of prodrugs. 
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Kinetics and Mechanism of the Aminolysis of Methyl 
4-Nitrophenyl, Methyl 2,4-Dinitrophenyl, and Phenyl 
2,4-Dinitrophenyl Carbonates 

Enrique A. Castro.* Margarita Allaga, Paola Carnpoddnico, and Jose G. Santos* 
Facvltad de Qidmica, PonUGda UnJversidad Cattolice de Chile. Casilla 306, Santiago 22, Chile 

cca$tro®pucd 
Received September 3, 2Q02 

The reactions of methyl 4-rrttr ophenyl carbonate (MNPC) with a series of secondary alicyclic amines 
(SAA) and quinuclidines (QUIN), methyl 2,4-dinitrophenyl carbonate (MDNPC) with QUIN and 
l-(2-hydroxyethyl)pipera2ini\ini ion (HP A), and phenyl 2. 4-dinitrophenyl carbonate (PDNPC) with 
SAA are subjected to a kinetic investigation in aqueous solution, at 25.0 °C and an ionic strength 
of 0.2 M- By following spectrophotometrically the nucleofuge release (330-400 nm) under amine 
excess, pseudo-first-order rate coefficients (A^cJ are obtained. Plots of vs [amine] at constant 
pH are linear, with the slope {Jfyd being pH independent. The Bronsted-type plot (log Afc vs amine 
plQ for the reactions of SAA with MNPC is biphasic with slopes fii = 0.3 (high pK region) and fit 
- 1-0 (low p/G region) and a curvarure center at pKP = 9-3- This plot is consistent with a stepwise 
mechanism through a zwitterionic tetrahedral intermediate fT*) and a change in the rate- 
tie ten nxnJng step with SAA basicity. The Bronsted plot for the quinuclidinolysis of MNPC i$ linear 
with slope fi N = 0.86, in line with a stepwise process where breakdown of T* to products is rate 
limiting. A previous work on the reactions of SAA with MDNPC was revised by including the reaction 
tif HP A. The Bronsted plots for the reactions of QUIN and SAA with MDNPC and SAA with PDNPC 
*ire linear with slopes ft — 0.51, 0.48, and 0.39, respectively, consistent with concerted mechanisms. 
Since quinuclidines are better leaving groups from T* than isobaslc SAA, yielding a less stable T* 
it seems doubtful that the quinuclidinolysis of PDNPC is stepwise T as reported. 



Introduction 

Although much attention has been drawn to the 
kinetics and mechanism of the aminolysis of aryl esters, 1 
the aminnlyses of alkyl aryl carbonates 2-4 and diary 1 
carbonated ha ye been less studied. The latter investiga- 
tions include reports on the reactions of alkyl aryl 
carbonate;* with pyridines, 2 secondary alicyclic amines 
(SAA), 3 at id bensylamines 4 and the reactions of diary I 
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A. C; Jendu, W. P, J. Am. Chcm, Sot 1974, 9$, 7018. 7031 . (d) Kirby. 
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76, 710. 
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carbonates with quinuclidines (QUIN) 5 and SAA. 6 Most 
of these reactions were found to proceed through a 
zwitterionic tetrahedral addition intermediate (stepwise 
mechanism) , z-s and others were found to occur in a single 
step with no intermediate (concerted mechanism), 6 In all 
these studies, the Bronsted-type plot has been employed 
a* an important tool for the diagnosis nf the reaction 
mechanism. 

To shed more light on the mechanisms of the aminoly- 
sis of carbonates, we describe in this work a kinetic study 
oF the reactions of SAA and QUIN with methyl 4-nitro- 
phenyl carbonate (MNPC), QUIN with methyl 2,4-dini- 
trophenyi carbonate (MDNPC), and SAA with phenyl 2,4- 
dinitrophGnyl carbonate (PDNPC). We compare our 
results with those obtained for Che same aminolysis of 
similar carbonates 3 5 * 6 to assess the effect of the nonleav- 
ing and leaving groups and the amine nature on the 
kinetics and mechanism of these reactions. 



X 0 Z v_ 

QUIN SAA MNPC (Y=Mo,Z-H) 
MDNPC CV«Me,Z»N02) 
PDNPC <Y>Ph,Z = N02) 



In view of our kinetic results, in this work we also 
revise the kinetic data obtained for the reactions of SAA 
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TABLE L Experimental Conditions and A^d Values for 
the Amino lysis (SAA and QUIN) of Methyl 4-Nitraphenyl 
Carbonate (MNPC)- 



amine 







10 3 (NW 


10 s Ajxfc/S -1 


no. of 


pH 




runs 


10.93 0.33 


1.06-10.6 


13.7-83.7 


10 


11.24 0.50 


1.06-10.6 


28.0—118 


a 


11.55 0.67 


1.06-10.6 


44.2-191 


10 


9.63 


0.33 


2.51-25.1 


4.80-54.5 


9 


9-94 


0.50 


2.51-25.1 


10.7-79.2 


10 


10.25 0.67 


2.51-25.1 


13.7-11Z 


10 


9-07 


0.33 


0.49-4.94 


3.90-26.4 


10 


9,33 


0.50 


0.49-4.94 


6.00-41.2 


10 


9.69 


0.67 


0.49-4,94 


12.3-58.2 


10 


8.41 


0-33 


1.14-11.4 


0.72-6.42 


10 


8.78 


0.50 


1.14-11.4 


1.64-9.33 


9 


9.09 


0.87 


1.14-6-86 


Z.Z5-8.05 


6 


7.67 


0.33 


1.07-9.60 


0-J2-0.7B4 


8 


7.98 


0.50 


1.07-10.7 


0.20-1-38 


9 


8.29 


0,67 


1.07-9.60 


0.31-1.66 


S 


S.51 


0.33 


9,92-99.2 


0.013-0.073 


6 


5.81 


O.SO 


11.9-83-0 


0.019-0.126 


5 


6.12 


0.67 


Z5.0- 100.2 


0.031-0.Z10 


6 


4.60 


0.0233 


40.0-126 


0.0055-0.0343 


4 


. 440 


0.0304 


43.0-97.O 


0.0154-0.0503 


4 


8-S" 


0.00126 0.BO-8.0 


0-67-2.78 


7 




000251 0.60-8.0 


1.15-4-51 


6 


9.0« 


0.00397 0.80-8.0 


2.20-7.26 


7 


9.4 


0.265 


0.8Z-B.22 


4-70-17.1 


7 


9.7 


0.443 


0.BZ-8.Z2 


4.30-20.9 


6 


10.0 


0.613 


0.B2-8.2Z 


7.50-34-1 


6 


8.4 


0.20 


1.50-15.0 


1.10-4.40 


7 


8-7 


0.33 


1.50-15,0 


1.70-7.70 


7 


9.0 


0-60 


1.50-15.0 


2.60-13.8 


6 


7.5 


0.S0 


3.27-13.1 


0.302-0.797 


6 


7.8 


0.67 


1-31-13.1 


0.361-1.04 


7 


8-0 


0.76 


1.31-13.1 


0.429-1.29 


7 



piperidine 



plperazlne 



1 -(2-hydroxy<xhy0- 
piperazlne 

moipholirRf 



1 "formylplp b razinc 



piperazlniuip ion 



l-(2-hydroxy<»thyl) 

piperazlnium ion 4-90 



3-hyHroicy- 
quinuclidlne 

3-chloroqui- 
nucUdlne 

3-quinvcJidii tfxne 



* In water, at 25.0 °C, ionic strength 0.2 M (KCI). * Free amine 
fraction. c Conceal ration of total amine (free base plus protonated 
farms). d In t he presence of borate buffer Q.01M 

with MDNPC 3a and discuss the mechanism proposed by 
Jencks for the reactions of qulnuclidines with PDNPC. 5 

Experimental Section 

Materials. The SAA were purified as described. 7 The 
substrates MNPC, 2 " MDNPC, zM and PDNPC 5 were synthe- 
sized as described previously. One of the products of the 
reactions of piperidine with MNPC and PDNPC. the methyl 
carbamate and phenyl carbamate of piperidine, respectively, 
were synthesized by the reactions of methyl and phenyl 
chloroformates with piperidine, as described. 0 Their NMR and 
IR spectra were in accordance with their structures. 

Kinetic Measurements. These were carried out by means 
of a diode array spectrophotometer In aqueous solution, at 25-0 
± 0.1 "C, Jonic strength 0.2 M (maintained with KCI). The 
reactions of MNl'C, except those; with piperazlnium and l-(2- 
(hydi^ethyl)pipera2inium (HP A) ions, were followed at 400 
nm (appearance of the 4-nitrophenoxide anion). The reactions 
of MNPC with the above Jons, carried out at low pH, were 
followed al 330 nm (appearance of 4-nitrophenol), The qulnu- 
clidinolysis of Ml )NPC and the reactions of this substrate with 
HPA, as well as i ho reactions of PDNPC with all the SAA were 
studied at 360 nm (following the appearance of 2,4-dinJtro- 
phencoddc anion). 

All read Ions were investigated under an excess of the amine 
over the substrate (13-fold at least). The initial substrate 
concentration w lt s ZS x 10" 5 M. 



(7) Castro. E. A.; Ur«a, C. J. Oig. C/rcm- 31989, 54, 21S3. 

(8) Pianka, M ./. ScL FtwJAgrtc 1960. 17. 47. 

(9) Castn), E. A.. Ruiz. M C; Sotuw. J- G, Im. J. Chan. Kind. 2001, 
33, 281. 
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TABLE 2. Experimental Conditions and /feb*d Valuer far 
the Amlnolyels (QUIN and HPA) of Methyl 
2,4-Dinitrophenyl Carbonate (MDNPC)* 



amine 



□H 




10 s [NW 


10 3 J4t^s _l 


no. oi 
runs 


8S« 


0.00126 


0.42-4.2 


29.S-139 


7 




0.00251 


0-42-4.2 


G1.0-3Z6 


6 


9.0" 


0.00397 


0,42-4.2 


106-539 


7 


9.4 


0.285 


0.49-4.89 


14.3-138 


6 


9.7 


0.443 


0.49-4.19 


17.7-195 


6 


10.0 


0.G13 


0.49-4-89 


26.7-245 


7 


8.4 


0.20 


1.53-15.3 


17.0-126 


7 


B.7 


0.33 


1.53-15.3 


23.0-221 


6 


9.0 


0.50 


1.53-15.3 


3Z.0-312 


7 


7.5 


0.50 


0-95-9.54 


1.50-13.8 


7 


7.8 


0.67 


0.95-9.54 


3.20-22.2 


6 


8.0 


0.76 


0.95-9.54 


2.30-20.0 


6 


4.16 


001 28 


10-40 


0.07-0.35 


3 


4.36 


0.0174 


10-45 


0.11-0.71 


3 


4-60 


0.0233 


10-100 


0.21-2.2 


6 



quinvchdlne 



3-hydro*y- 
quinutlidine 

3-chloro- 
qulnuclidine 

3-quinuclidlnonc 



1 -(2-hydroxyechyl)- 
plperazlniuin ion 
(HPA) 

0 In water, at 2S.0 *C. ionic strength 0.2 M (KCI). * Free amine 
fraction. e Concentration of coral amine (free base plus protonated 
forms). d Jn the presence of borate buffer O.OlM. 

Psaudo-first-order rate coefficients (k&d were found for all 
the reactions: these were determined by means of the spec- 
trophotometer kinetic software for first-order reactions. 

Three pH values were employed in the reactions with each 
amine- These pH valves were maintained by the amine as its 
own buffer (pH near the pK* of its conjugate add), except in 
the reactions of MNPC and MDNPC with quinuclidine and 
that of PDNPC with piperidine, where external buffer was 
used. For the reactions of the three substrates with HPA, the 
pH was maintained by partial ionization of l-(2rhydroxyethyI)- 
piperazlnium dication. whose pK* is 4.56 under the kinetic 
conditions. 10 Under these conditions, the pKa value of tho 
conjugate add of HPA is 5.9- 10 

The A^b*d values and the experimental conditions for the 
reactions of MNPC with SAA and QUIN are shown in Tabic 
1. Those for the reactions of MDNPC with QUIN and HPA 
are exhibited in Table 2» and those for the reactions of PDNPC 
with SAA can be seen in Table 3. 

Product Studies. 4-Nitrophenoxlde anion and 2,4-dinitro- 
phenoxide anion wore identified as one of the products or the 
aminolysis of MNPC and PDNPC, respectively. This was 
achieved by comparison of the UV-vis spectra after completion 
of these reactions with those of authentic samples of sodium 
4-nitrophenoxidG or sodium 2,4-cUrutrophenoxide, under the 
experimental kinetic conditions. The other product of the 
reactions of MNPC and PDNPC with piperidine was identified 
as the methyl carbamate of piperidine and the phenyl car- 
bamate of piperidine. respectively. The identification was 
carried out by HPLC through a comparison of the retention 
times of authentic samples with those after completion of the 
reactions. HPLC conditions: column, Supelcosil LC-18-DB (25 
cm, 5 /.wn): eluant, acetonitrilc/water = 50/50; isocraric mode, 
0.4 mL/rnin. 

Results and Discussion 

The kinetic law obtained under the reaction conditions 
is that described in eq 1, 



tsi 



(i) 



where P is 4-nJtrophenoxide anion (4-nltrophenol in the 
reaction of MNPC with piperazlnium ion and HPA) or 
2,4-dinitrophenoxide anion, S Is the substrate, and ^b«d 



63. 



(10) Cwrtro. E. A.; Urata. C, J. Chem. Soc, Pcrkin Tnu7S. £, 1891. 
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TABLE 3. Experimental Conditions and k*t*d Values for 
the Aminolysis (SAA) of Phenyl 2.4-Dinltrophenyl 
Carbonate (PDNPC)' u 



JOCArticle 



amine 



pH iW» 



no. of 

10 5 &t»d*' y r ana 



plperldlne 

pjpcraxiite 

l-(Z-hydroxycthyD- 
piper azin<*. 

morphollne 

1 <formylpip(M*aiine 

plperazxniuin ion 



1-(2-hydroxyethyJ)- 
pipetAzlmum Ion 



7-70" 

B.30 rf 
9.64 
0.94 
10.24 

o.oa 

9.3B 
9.68 
8.48 
8.78 
9.08 
7.6B 
7.98 
S.28 
5.51 
5.& 1 
6.11 
4.60 
4.60 



0.00029 

0.00058 

0.00H5 

0-333 

0.500 

0.667 

0.333 

0.500 

0.667 

0.333 

0.500 

0.667 

0.333 

0.500 

0.667 

0.333 

0.500 

0-667 

0-0233 

0,0282 



4.27-21.3 
4.27-21.3 
4.27-21.3 
4.21-25.3 
4.21-25.3 
4.07-24.4 
6.85-414 
5.80-34.6 
5.30-26.5 
4.02-24.1 
4.02-24.1 

4.02- 24.1 
3.23-11.3 
4.68-29.1 
3-24-22-6 

4.03- 24.2 
4.18-25.1 
4.32-2B.0 
4.38-30.7 
4.58-27.5 



0.383-0-593 

0. 563-122 

I. 32-1.94 
55.8-27.5 
101-367 
111-26D 
26.4-130 
42.8-161 
33.8-154 
15.8-86.5 
17.6-113 
43.0-151 

II. 8-39.9 
14.4-44.0 
20.0-68.9 
1.09-3-78 
1.29-5-70 

1. Z1-1.08 
0.365-0.681 
0.42-0.756 



5 
12 
8 
6 
6 
6 
11 
6 
6 
11 
11 
6 
5 
5 
7 
6 
6 
10 
7 
6 



« In water, at 2f>.0 °C, ionic strength 0.2 M (KC1). *Free amine 
fraction. e Concent ration of total amine (free base plus protonated 
farms). d ln the pr esence of borate buffer 0.01M. 

TABLE 4. Values of pJC for the Conjugate Acids of 

Secondary Alicyclic Amines (SAA) and Values for the 

Reaction* of SAA with Methyl 4-Nitrophenyl Carbonate 

(MNPC), Methyl 2,4-Dinitrophcnyl Carbonate (MDNPC) 

and Phenyl Z^Dinitrophenyl Carbonate (PDNPC)* _ 

___ 



amino 



MNPC 



MDNPC* PDNPC 



280 ± 17 520 ± 24 

166 ±17 318 ±12 

73 ± 10 85 ± 3 

41 i 4 63 i 3 

9±1 31±Z 

1.4 ±0.1 5.4 ±0.4 

1.1 ±0.1' 5.0 ±0.2 



plperldinc 11-24 26 ±1 

piperazine 9-94 6.4 ±0.1 

l-(Z-hydrracyethyJ) 9.36 1.7 ± 0.1 

piperazine 

morphollne 8-7B 1.6 ±0.1 

1-IdrmylplpcTazinc 7-98 0-26 ± 0.01 

piperazinium ion 5.61 0.031 ±0.002 

H^hydmyediyl)- 5.9 0-067 ± 0.005 

piperazinium ion 

* Boxh Uie pA^, and An values were determined In aqueous 
solution, at Z5.0 °C. and an ionic strength of 0-2 M (KCt). * Data 
from ref 3a, except otherwise stated. c Datum obtained in this 
work. 



is the pseud o-fb-st-order rate coefficient (excess of amine 
was used throughout). 

Plots of &hsd against [amine] at constant pH were 
linear, in accordance with eq 2, 



^ d = /£b + A N [amine! 



(2) 



where Ad nnd An are the rate coefficients for hydrolysis 
and aminolysis of the substrates, respectively. In general 
Joj and Aw were pH independent, except in the reaction 
of MNPC with piperioHnG, where kg was dependent on 
pH. The valuer of Afc for the hydrolysis of MNPC are 
l^Ab/s' 1 = 0-5, 1.5, and 2.4 at pH = 10,93. 11.24, and 
11.55. respectively. 

The values of A* (obtained as the slopes of plots of eq 
2) for the reactions of SAA with MNPC, MDNPC, and 
PDNPC are shown in Table 4. The data for MDNPC, 
mostly taken from a previous study, 311 include the datum 
for HP A (this work). These values, as well as those of 



S 

ac 

o 




pK +log(p/q) 

FIGURE 1. Bronsted-type plots for the reactions of SAA wilh 
MNPC (■), MDNPC (O), and PDNPC (•) In aqueous solution, 
at 25.0 "C andean Ionic strength or 0.2 M (KC1). 

TABLE 5. Values of p/C for the Conjugate Adds of 
Qulnu cl 1 dines (QUTN) and Jto Values for the Reactions of 
QUIN with Methyl 4-Nitrophenyl Carbonate (MNPC) and 
Methyl 2,4-EHnltrophenyl Carbonate (MDNPC)* 

Ms -1 M" 1 



amine 



p/Ca 



MNPC 



MDNPC 



quinuclidine 11-4 

3-hydroxyqtlinucHdine 9.6 

3-chltnxj quimic I i dine 9-0 

3-quinudidinOrtC 7.5 



20 ± 1 
0.58 ±0,03 
0.17 ±0.01 
0.009 ± 0.0004 



305 ± 11 
B1 ± 5 
41 ±1 
3.0 ±0,2 



a Both the pK* and b; values were determined In aqueous 
solution, at 25.0 # C and an Ionic strength of O.Z M (KC1). 



the pKa of the conjugate acids of the amines, were 
statistical Ly corrected with q = 2 for plperazine and p = 
2 for all the conjugate adds of the amines, except that 
for piperazinium ion with p = 4. ltu1 With these corrected 
values the Bronsted-type plots (shown In Figure 1) were 
obtained. 

The Afc values found for the quinuclidlnolysis of MNPC 
and MDNPC are shown in Table 5; the corresponding 
Brdnsted plots axe exhibited In Figure 2. 

The nonlinear Bronsted plot for the reactions of SAA 
with MNPC (Figure 1) can be explained by the mecha- 
nism described in Scheme 1 , where NH represents a SAA. 
The Bronsted break results from a change in the rate- 
determining step, from breakdown of the zwitterionic 
tetrahedral intermediate (T*) to products (A z step) to T* 
formation (Ai step) as the amine basicity increases." 8 - 5 " 7 - 10 

The curved line for MNPC in Figure 1 was calculated 
by means of a semiempirical equation based on the 
existence of the intermediate 1* in Scheme l, z ' 5-7 - 10 This 
equation contains four parameters; 0\ and 02> which are 
the Brdnsted slopes at high and low pK*, respectively, 
and Afl° and pAk°. which are the corresponding values at 
the center of the curvature. The Bronsted curve for 
MNPC was calculated with the following parameters; log 
V = 0.232, pKJ = 9.3, Pi = 0.3 and fit = 1.0 (n = 7, R 
~ 0.994). The errors of the slopes are ±0.1, and those of 
pKJ* and log A N ° are ±0.2 and ±0.1, respectively. 

(11) Bell, R* P. Ttic Proem In Chemistry, Mechuen: London, 1959; 
p 159- 
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SCHEME 1 



+ — N H 
I 



MeO— C— O 
T I 



NOa 



o 
ii 

MeO— C 

— N 
I 



feat 




O 
II 

MeO— C ■+ 

Jh 

I 



FIGURE 2- Bronsted-typc plots for the quirniclidinolysls of 
MNPC (O) and MDNPC (•) in aqueous solution, at 25.0 "C 
and an ionic strength of 0.2 M (KC1). 

The values of fix and 0 Z for the aminolysls of MNPC 
are in accord with those reported for other reactions 
governed by stepwise mechanisms: pi = 0.1—0.3 and ft 
= 0.8-1. 1 w-t.io 

The simple mechanism shown by the reactions of SAA 
with MNPC (Scheme 1) is In contrast with the more 
complex one exhibited by the reactions of the same 
amines with methyl 4-nitrophenyl thionocarbonate (MNP- 
TOC) 12 and ethyl 4-nitrophenyl thlonocarbonate (ENP- 
TOC). ia In thesfi cases there Is an additional path for the 
Intermediate T* in Scheme 1: its deprotonatlon by the 
corresponding amine to yield an anionic tetrahedral 
intermediate [k$ step). On the basis of the nonlinear 
upward K^d vs [SAA] plots obtained in these reactions, 
it was concluded that the rate constant for proton 
transfer (Afc[SAA]) is similar to that for the nucleofuge 
expulsion from T± (/fe)- 12,13 Since the value of A3 and the 
concentration range of SAA are similar for the reactions 
of MNPC iind tl ie thiono derivatives (see below) , it follows 
that the simpler reaction scheme for the carbonate arises 
from its larger k z value compared to that for the thiono- 
carbonates MNPTOC and ENPTOC. 



(12) Castro. E. Saavedra. C; Santos. J. C-; Umana. M. I. J. Org. 
Chem- 1999, 64, 5401, ^ ^ 

(13) C*str*o. E. A; Cubiilos. M.: Santos. J. G. J. Org. Chan. 1998. 
61. 3501. 
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The A3 values for MNPC and the thiono derivatives 
should be similar, since the proton transfers from the 
intermediates 1, 2. and 3 (FN = 4-nitrophenyl) to the 



O' s" |- 

MeO— C—OPN MeO — C— OPN ElO— C— OPN 

u 1+ J* 

— NH — NH — NH 

I I I 



corresponding free amine are ther mo dynamically favor- 
able. 1213 Therefore, these processes are diffusion-con- 
trolled and a value of 10 10 s" 1 M~ l has been estimated 
for Aa. 12 " 1 * 

The faster 4-nitrophenoxlde expulsion (larger A2 value) 
from intermediate 1 relative to that from 2 or 3 is 
reasonable in view of the greater ability of O" in 1 
compared to S~ in 2 or 3 to form a double bond with C 
and expel the nucleofuge. This has been ascribed to the 
stronger rt-bonding energy of the carbonyl group than 
that of thiocarbonyl- 15 

The qulnuclidinolysis of MNPC shows a linear Bron- 
sted plot (Figure 2) of slope = 0.86 ± 0-05- This slope 
value is consistent with a pathway through a rwitterlonlc 
tetrahedral intermediate (T ± ) whose breakdown to prod- 
ucts is rate determining. Namely, these reactions behave 
according to Scheme 1. with the formation of T* as an 
equilibrium step and the k& step as rate limiting (A-i 
A2 in Scheme 1). 

The linear Brfinsted plot for the reactions of MNPC 
with QUIN, in contrast to the biphaslc plot for the 
reactions of this substrate with SAA, can be attributed 
to the fact that QUIN are better nucleofuges from a 
tetrahedral intermediate than isobasic SAA. 16 The p/d 
value at the Bropsted curvature center (p/i 0 ) is related 
to the Jc-^/kz ratio, as described in eq 3 T 17 



10g(*-/fti) =tf 2 - fit) (P«,° - 



(3) 



where jf?i and fa are the Bronsted slopes for formation 
and breakdown of the intermediate T*. respectively. 

(14) Elgcn, M- Angew. Chan,, Ifit £d. Engl. 1964. 3, 1. 

(15) Hill, S. V.; Thca, S. ; Williams, A. J. Chan. Sot., Perkin Trans. 
2 1983. 437. Cottrell. T. L. The Strengths of Chemical Bonds, 2nd cd; 
Buuerworth: London, 1959: p 275. Kwon, D. $.; Park, H. S.; Urn. I. 
H. Bull Korean Chew. Soc 1991, 12. 93. 

(16) Castro, E. A; Nfoftoz. P.; Santos, J. C. X Org- Chem. 1999, 64. 
8298- ^ _„ 

(17) CasCrO, E. A.: Arancda, C. A-; Santos, J. G. J. Org, Chem- JB97. 
$2. 126. 
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Since 0 } *ind Pi are little dependent on the amine 
naturc lb t2 < 5 J - 10 and p/Q° is larger for the QU1N reactions 
(ire pKf value is larger than 11.4. according to Figure 
2), it follows from eq 3 that the W* 2 ratio is larger for 
a given QTJTN compared to an Isobasic SAA. Since the fo 
value should be independent of the amine nature and 
basicity, 5 ic follows that the value oF A_j is larger for a 
QU1N than for an isobasic SAA. Therefore, ihe lack of 
Bronsted curvature within the pid range 7.5-11.4 for 
the reactions of MNPC with QUIN con be explained by 
a larger nucleofiigalKy from T* of QUIN compared to an 
isobasic SAA, A * jmilar result was found In the reactions 
of QUIN and SAA with ethyl S-(4-niirophcnyl) thiokar- 
bonate. ,c 

The Bronsted plots (statistically corrected) for the 
reactions of MDNPC and PDNPC with SAA are shown 
in Figure I. The Bronsted plot for the quinuclldinolysis 
of the former substrate is exhibited in Figure 2. The three 
plots are linear with slope (ft values of 0.48 ± 0,Q5, 0.39 
± 0.05. and 0.51 ± 0.08, respectively. 18 The magnitude 
of these ft values suggests that these reactions are 
concerted. Similar values have been found in the 
concerted amlnolysis of related substrates. Linear Bron- 
sted plots with slopes P = 0.56 and 0.48 are exhibited in 
the reactions of SAA with S(2,4-dinitrophenyl) and 
5-(2 J 4 t 6-trlnitrophenyl) ethyl thiolcarbonates. 10 In the 
reactions uf the same amines with methyl 2,4,6-trinitro- 
phenyl carbonate, a 0 value of 0.36 was found. 36 Also, 
the concerted methoxycarbonyl transfer from N-(meth- 
oxycarbonyl)isoquinollnium to pyridines shows a linear 
Bronsted plot of slope = 0\58. zo 

The value of ihe Bronsted 0 alone is not sufficient for 
the diagnosis 'if a concerted mechanism. 11 It is also 
Important to calculate the hypothetical pKf value (pJC a 
at the center oJ the Bronsted curvature) for a stepwise 
mechanism; thit lack of Bronsted curvature within the 
p/f fc range of thu nucleophiles employed is a clear indica- 
tion of a concerted mechanism.* 1 

A biphasic Bronsted plot was found in the stepwise 
pyridinolysis of MDNPC in water, with pK* 0 — 7.S. 2b It 
is known that SAA are better nucleofuges from a tetra- 
hedral intermediate than isobasic pyridines, as judged 
by the larger pKk° values found for the former amines. 
For instance, the pKP values for the reactions of 2,4- 
dinitrophenyl acetate with pyridines and SAA are 7.3 and 
9.1, respectively. 2 * 22 Similarly, for the reactions of 2.4- 
dinitrophunyl thiolacetate with pyridines and SAA, the 
pKP values obtained are 6.6 and 8.9. respectively. 10 
Namely, there Is a p/f a ° increase of ca. 2 units in going 
from pyridines to SAA. Assuming a similar increase for 



]0CArtick 



(18) The Brans ted-typc plot for the reactions of SAA with MDNPC 
appeared u nonlinear in our original work (ref 3a) and the stepwise 
mechanism was preferred to the concerted one. The reason for the 
curved plot was that the poinL for the pIpeTazinium ion was wrongly 
located In the pJoL. although the Am value in the table was coned. In 
this work we checked this *n v*lue and obtained a similar one. With 
this point riijhuy located, the Bronsted ploft becomes linear. To bo sure 
of ihe linearity, wr cd$o measured (in this work) the k& value for the 
reaction of dils aubrarate witH 1 -f2-hydroxyechyUpipcr^nhim ion (see 
Table 2) • Ac «*rt in Figure i . with lh«e two new points, the Brdnsced 
pl« for MDlv^C lnok* linear. 

(19) (a) Castro. E. A.; I banc*. F.: Salaa. M.; Santos, J. G J. Org. 
Chcm. 1991, 561 1819. (b) Castro. E- A.; Salas, M: Santos. J. C J. 
Org. Chem. 1994, 59, 30. _ 

\2£S) Chrjstiiik, E.; Williams, A. J. Am, Chcm. Sec 1987. 109. 3040. 

(Zl) WiJfiams, A. Acc. Chcm, 1089, 22, 387. 

(33) Castro, E. A.; Ureta. C. J. Org. Chem. 1990. 54 1676. 




6 a 10 

pK a + log(p7q) 

FIGURE 3. Bronsted-rypc plots for the reactions of MDNPC 
(this work) with QUIN (O) and SAA (•) and those of EDNPTC 
with QUIN (p, ref 16) and SAA (I, ref Ida) in aqueous 
solution, at 25.0 °C and an ionic strength of 0.2 M (KC1). 

the reactions of carbonates, a p/^ 0 value of 9.8 (7-8 + 2) 
can be estimated for the hypothetical stepwise reactions 
of SAA with MDNPC. Nevertheless, this pAk° value 
cannot be larger than that for the same aminolysis of 
MNPC (9.3. this work), since 2>dinitrophenoxide is a 
better leaving group than 4-nJtrophenoxide. lb * 5 There- 
fore, it seems that the pJC a ° increase (from pyridines to 
SAA) of ca. 2 p/G units for acetates cannot be applied to 
carbonates. We can only assume that the pKP value for 
the hypothetical stepwise reactions of SAA with MDNPC 
should be larger than 7.8 but smaller than 9.3. 

As seen in Figure 1, there is no break within this pK* 
range in the corresponding Bronsted plot. Therefore, we 
conclude chat the reactions of SAA with MDNPC are 
concerted- Since QUIN are better leaving groups from a 
tetrahedral intermediate than isobasic SAA (see above), 
it follows that the reactions of QUIN with MDNPC should 
also be concerted, in view of the greater instability of the 
hypothetical intermediate formed with QUIN than that 
with SAA. 

Another proof for concertedness of the above reactions 
is the similar reactivity pattern of QUIN and SAA toward 
MDNPC and its thiol derivative ethyl S-(2.4-dinitrophe- 
nyl) thlolcarbonate (EDNPTC, see Figure It is 

known that the latter reactions are concerted. 18 * 1 * 1 As 
seen in this figure, these two amine series are equally 
reactive toward a given substrate, arid the Bronsted slope 
values for the aminolysis of these substrates are very 
sirnilar. 

The fact that the reactions of SAA with MNPC are 
stepwise, whereas those of these amines with MDNPC 
are concerted, means that the tetrahedral intermediate 
T* is greatly destabilized by the introduction of a second 
nitro group in the nucleofuge. This should be due to the 
much greater nucleofugaHty of 2.4-canrcrophenaxide from 
the hypothetical dinitro intermediate compared to that 
of 4-nitraphenoxide from 1. which destabilizes It klneti- 
cally. A similar situation was found in the reactions of 

(23) Th* change of methoxy ro ethaxy as the nonlcaving group of 
carbonates has very little effect on ihe rate constants Involved in these 
reactions. 24 

(24) Castro. E. A.: Cubillas. M.; Santos. J. C; Telle*. J. X Org. Chem, 
1897, 6& 2512. 
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SAA with the corresponding thiol derivatives: The reac- 
tions of ethyl S-4-nitrophenyl thiolcarbonate are scep- 
wise, 25 in contiast to those of EDNPTC, which are 
concerted. 1 11 

The reactions of SAA with 4-methylphenyl 4-nitrophe- 
nyl carbonate in aqueous ethanol have been found to be 
stepwise. 9 It is known that a zwitterionic tetrahedral 
intermediate (T^ is rnore stabilized in the more polar 
solvents. 5 Therefore, these reactions should also be 
stepwise in water. On the other hand, the change of Me 
to H in the nonliving group of the substrate should not 
change the mechanism, as Indicated by the similar 
inductive effects 26 27 of 4-MePhO and Ph0. fi Therefore, it 
is very likely that the reactions of SAA with PNPC in 
water are stepwise. 

Another indication that the above reactions are step- 
wise is the fact that the quinuclidinolysis of PNPC is 
stepwise, as evidenced by the linear Bronsted plot of slope 
1.0 obtained. 5 If these reactions are stepwise, it Is more 
likely that the reactions of this substrate with SAA are 
stepwise In view of the slower nucleofugality of SAA from 
the intermediate T* than isobasic QUIN (see above), 
which stabilizes this intermediate. 16 

The fact that the reactions of SAA with PDNPC in 
water are concerted, whereas those of the same amines 
with PNPC- in the same solvent are stepwise, is another 
example of the great destablJization caused to the T* 
species by the addition of a second nltro group to the 
nucleofuge of the substrate. 

The greater reactivity of PDNPC than MDNPC toward . 
SAA (Table 4 arid Figure 1) is in contrast to the larger 
rate constant for SAA attack, to form the zwitterionic 
tetrahedral intermediate (Ai), on methyl 4-nitrophenyl 
thlonocarbonate compared to that on phenyl 4-nitrophe- 
nyl thionocarbonate. 12 The latter result was attributed 
to the greater steric hindrance of phenyl relative to 
methyl toward SAA attack, despite the greater electron- 
withdrawing effect of PhO compared to MeO in the 
corresponding thionocarbonates, 12 These contradicting 
results could be explained by assuming that steric 



(25) Castfii. E. A.; CuhlHos. M; Santos, J. C. J. Org. Chem. 1994, 
59, 357Z. M , 

(26) The inductive effects exerted by a wbsticucnt in a tetrahedral 
species arc more important than the resonance effects. 27 

(27) Sayer. J. M.: Jencks, W, P. J. Am, Chem. Sot 1073. 95. SG37. 
Fox, J. P.: Jencks. W. P. J. Am. Chem. Soc 1974. 3ft 1430. 
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FIGURE 4. Bmnsted-rype plots for the reactions of PDNPC 
with QUIN (O) and SAA (•) in aqueous solution, at 25.0 °C 
and an ionic strength of 0.2 M (KC1). The data for QUIN was 
replottcd from ref 5. 

hindrance is less important for a concerted mechanism 
than a stepwise process through the tetrahedral species. 

The quinuclidinolysis of PDNPC in water has been 
described as stepwise, through a zwitterionic Cetrahedral 
intermediate. 5 On the other hand, quinuclidines are 
known to be better nucleofuges from a zwitterionic 
intermediate than isobasic SAA (see above). 16 This means 
that quinuclidines destabilize the tetrahedral intermedi- 
ate relative to isobasic SAA. 16 Since we have found in 
this work that the reactions of SAA with PDNPC are 
concerted, it is doubtful that the reactions of quinuclid- 
ines with the same substrate be stepwise. CarefuJ 
examination of the Bronsted-type plot obtained for the 
latter reactions shows that the points are better accom- 
modated by a linear relation rather than a biphasic one 
(see Figure 4). The linear plot shows a slope /? = 0.36 ± 
0.05 (R 2 = 0.98), which is very similar to that found by 
us in the reactions of SAA with the same substrate 
(Figure = 0.39 ± 0.05). 
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